
O.Sjt ,,,tl S-.ujJlJI 2 ^J„tl 



jjiill SjjJliJI jl*UII 2_ i.ijS-xtl « Jj» ^^ujjjG (ji$i' Vij'^b eA^' i<jl«"H JjoLtll S-utuijii oj_>Ja 



^VluubiM 



Ll^jJI j^IjJlII 



^ISlIc rt.MI 




jkUYo iJjTi*. 






: Jlsuj < 4_ls_-_sj 4_tT (jyicj JiA^ta < oJl*_> (jr u V £_ya ^-.Lc -a^L.uJIj a\I ,^.1Ij < oJu^j <UJ J_c_»JI 
Jj-_i <__!__ SjJsLSJI 4-JjJ-U 4_j_L__jJ| jj)lj^-itl Jjjitl! ^-i^ll l_*jjJi1!Ij (_y-ail ^-lLClU 4_<jL*J1 4__u._uj_U Ly «--uj 
(j-a i>Ji_»J__uJI <__!_#_». j_JJ 4-a=-pJ aLcH&VI I Jl4s ct^^L9 <(J-«-*-JI (J>^ ^r 3j^jliil 4_i_L^.tlj aLj-LaJlj 4_j2__i]| lJijLL-jJI 
i>jJ2 ^ylcj OJljIj^J ^-.Lc Lpli Jl -*^*^ J *l^— " * (j-^J -^W^! J-*"- 1 L^AJJta _?_ L-LLaJ (_yJI (jlajJI I jut- <>-SLJ2 ^jjJ 
JUj 4_l!1 JJJU Jl^"ll i^J^Il!! -_J__l!1 4jb___ *_2.S I§_ ^-^ jl> <t -"'-- u '^ J^' 6-° U^^'j rfdLitJL Trlnit,! «ul_ui 

.L__I_L__> ^jlZlII JjjJI - al >-aJ 

_?_ 4l<jJ____tl 4_t]jjJI <_JjLa_l!l «_<j Jj-ilu 4_jjL>,j1 cjt-l-^ £_jil__U J-J^X-JJ *U l rVl 1 4_<aL*JI Bjl^Vl ("it-l-^ Ju2j 

(JT JQj 4jI i^i^-»o 4_-|^-n J-*-*-!' tli-- <— iLtiLalla (___=____»_) 4iyJ->. 4_Lg.lc t_i_JL__il <J^J 'Shfdj- 1 --'' ^-^Lh^' *^ 

4_j__uL_j^I 3j_i__=jJI (JiL<W (_£J-!1 4_i_L_-jJI 4_ji^il j_uL«JLI ._IJlC.1 S-J)j--u.a _?_ AjU-Ltl <>j__j Ci-lilcJ Ju2j ' d"l ilU* a 

J^jlJI ^j-uj (JlLcJ 4ji^ir j i-»o <jL_><J Jj^— i Mil (jyic- L^l-4> 4- J^L*-^' J-<-l*3 il ( 4_jjjjjJlJ| w_alj_iJI ^.Lb _?_ 

4_l_aj__J (_£Jl!I ^^yJUjtJI *_.ljjl *_0 4_Uil*JI 4jjj-!l Jjiiljlu ^-J->«J (jyj-^i' ViJ-^'j ,_,'"^ ^UJ-LClU 4_<aL*JI 4_cu-i.ujj.lj 

_gj-_-j I__L_____!I j_L___>I (jjujj3 /-_oIJ^_l! 4Jl^L______Lo 2 j La b 4_)L^_l!I _L_ ^jL_*Jl!I ^j_& ?^j_je_L! < (J-«-«JI <_9.i-'- u ' ^-La-La 

.4_u_j___i^?l 4jLJlL__L<3 (3-lL>-1 _f_ 4_i/_a1j j___=lj (J-aJ-JI 

4__Ll!l j_&L»_Jl! (jy-VI l_x__uL_>JI ^--u-i ^jjui 4_ui_3jJ| j_iljjj| 5_u_«jjL_t! 4_u___»J| <>j__i JjLzOj 

. ( _ > _a____ie__il I jtjj 4_aj^UI <__sljl_gi.l t_jL_u__=l <U_U_=3 (Jj1_uj 4jj_p- <__iLcj__aj>3 4_i_i| Ix-aJI 
j_t 4_UI (j_a (J-«-J 4_ij_tjjLl!l 4_u_s_>JI ^Jui tlij^J (lAJ * ' -~'~ (_r-*J 7-c_-b L_tJL 1 jjj Lalij p j -: L---J 4_aL«JI 2jl_iVlj 
( Jlj__*_L!I (j_a J^* 1 ^ ' ' " .' A t^JjJL-uLj t 4_aj^iJI 4jjj)j_t__JI (JliljL^JLI (J_u_aG _L_ j.-_uLl<3 (J___a__uj p j 1 ■ ■" __)! (J^-J 

.<__!ljL^JLI ^>j_-i <_jL_u__=l 4_J_4_C A-lJlJ ( ___JI (JL-=3 -uVlj <— ll -LUJalLtlj 4_)LCl-uVLj 

3 >>_L<a.-u <LJ| t ^L__bj_j^ 'Lj-^ H L^-i-a ,JJ Lt-J-L-oJ lj Lijl J_tl (jyic. ^j-\_«_j LSJ I (3^J^ U' (J---"- 1 *-U'j 



jc__^Liil jujJalij A_j_4_ualJ A_«L»J| 6j\ jVI 






( - 1 1 j U -^. t wJiLu 4- j.a-Lll I Jui (JILaTb .3j_ii- 2I S j a * II (J}L>. x-jj-uj^ j-cTn.u.a j^j 4_lcj3jJ I <— ! LjJj^lL^xJ V I CjJjjJ 

4 otVijj <_jjjjiL=»JI 4 j I Sj ,4jLjJajJI dLjJjj^p^xJVl *i ' ' <aj j rtja >^" (JLsta 4" <— il Luialll Lgjjjselujil 4_ajL2Ha 

. j-clltxua Jylj3 4- 4_j^2jJ1 j^ljjjl al JiieliJ J I ,_£.il La .CjLa^i»il 

2>#>4 J} 4 /w^-^IVI 41cLxl!I ^ 4_.'.j^"^^1VI CjI JjlLI flaJI J^s 4- eJLvljia 4_ia1jJI j^IjJlJI <jl 

, 4_Lc3jJI JjljjJI ^£-Sl_La f«-£2 (jlajjl] 4_LC-3jJI '""^''J^**'^"* 1 - ' 4_JjjjLj< 2I <— » Lj^ la-Ill A^JJLA tSj^J L ^' (J-* 3 **-% 

. LlaixJI ^j->- <^" 4_tj|^-i a|j diljL^JLI <— il i>i"^l 
^yJI ^IjLiVl flaJI tiiJJL=jj 4_JijLil!lj 4_j^1jJ| jjIjJJI 4- 4-aJ^ 4- fj-"^ <— ijlUU t-aJLpJI Jl JjjLajilj 

4. *LlaS.Vl ^rt^^jj o-U^ 1 6-° l''^i" c^ 1 SJ-tf^J cjIjjVIj JL>dl I jla 4. Sj^ljla UL2JG La ULi 

.4_uiljJI jjljjJI 

(JllljLiVl fjj *_a 4J2^Lc U ^^Jl 4jJ)Jljl!I xjalll u^lSU ^yic i_3jjl1II 4_tJL\!l 3 JiJv^JI (-jjthjji jj^— JJ? 

jJ^ jf LOW S.UA^MI JJUJI , JL45JJ (j^JU- 4- La^cn J!U25 (^Ij WSjJI J^ljjJI 4- <L»JLJe1uJLI 

j-aj-!l (3-a (Jjj^'m (_5 jjlj ^Lillj ^JlJutJI aliaJjl *-a LuJjLj ^^Lu I Juij Jcvlj jl High 4jLi3j.l1 4jUJ1j 

.ljO 

j_^xj .2_i*J3jJI j^ljjJI Uj-ij3 (jjJI 4_j^UuVl 4_j^| Jl^VI CjLJUjlJI 4- S_j-aljJI 4j?U;l,l cijliayi JlaTiJ 

.(JliL t LaJtJl Jui jj^ta 4ji^jLiJIj 4_jjjjLuu2I (JLiLI^jJI pjjJsj^a 

jjjo IJ-jj . 4-Ln.a 4 q j a £.1.52 4jijjLiJIj 4_j_<jjLuu 2I ^LI^jJI ' . • ^~'j~ 3 f-J-*-^ J-* ^-*^'J~^' 2jiA.jj| ^j^j (_3J-JI 

tliljiiJI *-a^ta (Jii-a S JlaaII j^ljjJI J! J-t-iiJ (jy^^ 4JjLHIj x_<^>JL^3 4 Um 1 uj (Jliljlor jl <— il ^Jjt^i" 

. Demultiplexer ^j^ 3 \ Multiplexer 

<jijL^LaJl! ciiLiLxa^j (jyic- ajaaJI '^•J cA* 1 cj-^'j Bj^jI jJIj <_ i^L^.i.a,Uj cjI^I Jl»JI j^IjJlj Ijjj-o ,pjj J'^— i^ 

. 4_u.<_a dj I ii^—tj~ 4- ^ij^— 1 " 

LjiLjiI (Jj;^-i"m ij, jJI ,3^jJI ^JLtJLI (JjJlAj IJlj^s 4j2jjl^s £ys I iio^-ij La ljj>.^ js>.\ ^J\ 4-t\-$j}\ 4- (J^^'^lj 

4- UjJLc Lj£jju ^pJI joljjJI (_>-lc Ij 4_j jj1 Lj<^I <JjLI^jJI (j a jj;^~ ■ JsJ^c ^yic i^jl^o Bjiis-a ri^t^ajJS ^yic 

.4^jLxJI CjIJl^jJI 







^ 



Xl^jji^ijjdi 



4,-l^jSjJ I j^ljjJ! 4_ajJLc 







.(jjjLJiJI Zj^rjJ aI JiielL-ul (jyic ZjjJUIj I o g m j (Jjj-alJIj 4_dDLal]l <— iIjo^-iJIj Aj^jJI <— iIjo^-iJI 4_2j_*^j 

4_uiljJlj 4_jDl_cl!l '"'Ij-i^— II (jyic (_3j_«lll . \ 

^djJI cjljLiVI pl^Jl isijjui .Y 

4_j^2jJI CjIjLJiVI 2_ LajLJeIu-aJ,l <— il <>>i't\\ i^jjua .X 

■j-3*\ ALku (_j!l ALku jjjo (Jji^reliJI j 4j_SJl*JI AJaJd I <L2j_*_a . £ 

4 J r7 t~t i 1, 1 (— >LgIL-aJ»l AjSjJLA .0 

.4_lq.3jJI jjljjJI ^_ 4-ajLJeTn.u.U (J^jLlSJIj (jlajJtJI 3j_£>-I flj-il 4_2j_*_a ."I 

/V^.mmSjIj^JIjLSjI J\ vjjUI J^uji 

:3d£L4l JjL«$JI 
:3Jb-jJluUUal4 










i— iljo^ (jyic. 4_uiJ2jJI diLJj^pi^xJVl ^jIL>o .4_JdLcIJIj 4_jaJ2jJI : ,j-A_a_<-uJ2 J | 'Lujj^p^xJVI jjljjJI ^ . u ? m 

JJLalji^ ajS till j cjLa^j ^^JLc l$>^»o L^JLa 4_JdUi!I <ijLJ^pi=x]VI La? , (Discrete) bjijJIa ajS tiili 

.(Continuous) 

< cJa^JI (j ■■ aJ £_ BjLi^U 4_jDl_clJlj 4_jaJ2jJI ^Lu^aJI ^le, 4-tli-a '"'I fl^jjalll ;jj "•"—"' <liVL>J1 >j A j/"'^"" 1 ^r 

jji LillL*. I§_ (jt jjiLji^I pjjisjil (jf aAjJL 4_JdLcI]I <iiljLiVlj <_ iljo^-JI (jyic i_ajjLi!l ^^-gjelL-uj I JJ 

.a_uiSjJI <ijLJj^p^xJVl 
t^l i Ua^JI ^ AjASjJi Ua^xJIj (Continuous) 5JLsljiil ^iJI tiili i^c^JI ^ aJdUiJI <j^=xJI 
^42 ( ^ - ^ ) J^=lA!I La? <JdL<^ ^Ll^> tiili SjLil ( ^ - ^ ) J^m.II j-^jj . (Discrete) sjj-iiil ^2i\ 

. 4_LCj3j 4_t_LI^3 <lll j BjLlil (JlLoJ 




.LJ3US2jLil:( y- ^)J^lAJI 

4jvj.S j_l*j j-^3 JtJ (JLill (J-u-i-u (jyic .4_jJjLcj I j**'*^ - " * A jf I g 1 uL>J3 -ilj-ll 'SH'-i}"^-^ j-Alj-laJI A *-tjJa ;JJ^"~ ■"' 

>-J-S f-Lajjl 4-JL>. Cj_iL=3 *.lj-<-u 4_L*aljILa 4_a-Lsaj ,_£jj>-I 4_n_i£ Jl 4_n_t2 (j^s 7-jljID La LJLc. (_jJ-!l J-^l 'j'j - ^ 

.(_LdJI jJ>.\ Jl j lj3Jl!I AjI Jlj (j-a I ^i^iLai»ol jl (Jljlj-JI Jl j^^jLl!! t-I urMI £ys 2jlj^»JI 













^JJI 



.4_uiljJI aL^ II 4_Lli^3 ila-mjf ^yk (jP-"j ( -iLv^l J jLa-^aVI ) 4_^Ljl!l r.L^ II C3 _iij V? <bjJ 4_2j,j_*_<aj 

J^-i mi! I (jyl^. aj-<-ujJLI ( _ y istitl 4-LiTu-Li.u 4JLa jLv i^jhun ajj <J^L>- O-^j-" 4-JVjij Zjlj^>JI 4j>-j-i («-<-« J LJ-^j' '^i 

L^JaJLJ *_<a ^yls&lU lLLSJ J^3 Jj^Ijj 4.JL.J1 ojui ^-liajv^lj .( ' - ' ) 




I I I I I I I I I I I I I I I I I I I I I I I I 
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00 

r 










.fijLiVI o jla aSjJ ot VI LLlIc Las t_».mL>JL j! cr^J j'^ A ! j^^ «j'j^' ^o- 5 ^>JL*ja LjjijT I j| 
I juk j Ja2i3 icLu< J=> 4- »j'j^' ^o- 5 o-°^ <_y-*e ^ Sampling <JdUiJI 3jLi>U cjLU£. jlM . S 

( 5 - i ) J^-— i iIoJI J Tc-tij-o jji La 



(•C ) Sjl^aJI i».jj 



/Time 



I I I I I I I I I I I I I I I I I I I I I I I I 
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00 

.^L.L_oJI ^iisUUI 3jLi>U ^L_. J^= 2_ ^Li^( * - ^ ) J^.MI 
^u2JI (^ys c*jIjj -sjjLse* jjlc al jljcI^I _$_& 4_JuaJI oj-a £ys (_ajijjl : Quantization cjLUaJI ^jo^" .Y 

(jjtflj <J1j1_Li£. Ljjui*j lit LjJ^?,2jLi^L! 4-«_jJ2 ( _ ? _<^aJ3|j 4-«_jJ2 <jr^' C^V ^^^L-a CjLli£. (_£] *uJ2 <_jjLSj <_pjl 
Ijja (_L^= '2- CjXliJ&S <Jk Jyljj" J! i^^jJ La I JUkj l£>M r*^ (jric- J-*^^»o ji-T (j-aj £_ Sj^kLtaJI 

ilbvjJLI 4. jJLsu l^j^ (pJI *u2]1 jiJlc JljJ^»«j jjb ^x«j=l1!I <>a L^jipJLa .aJSUiII sjLiVl ^JUJ 

.4JLUI 
jijmJI 2jijJlj>J,I 4flfl^tl *u2J1 ^ *uS fj] JAcj (_,!£. ^ji>] <_P-!'j : Encoding j^Lii! I a1>.j^, .X 

.( \ - 0) Jj=xA!l Jl jJaJi < ( jLa^a! J -iLvT ) 4_x2LZlII CjLuJI ^ ZAjuAjlm aU,i,\_^ 
JiO ^yic j_iAJll 4_=»oj_<i i^jl>o 4_JUa]1 ojui £_ j < (jt^LlIJI ^J\ ^j- Aj lII (J-oj-laJuIII 4_jLa-C (Jj)^-t"j 












(°C ) SjIj-jJI *~-J-> 






^JJI 



I I I I I I I I I I I I I I I I I I I I I I I I 

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00 



rjLita (jLcij Jo-lj <JiO J^ j ft Mil, I QJ^niJ i_3j-lxl2 ^jTn-u-a z50 ^_«J=xil <— )LaTu.u.a ^Jl£. (jL^a lil 

.4_jjLo CjQj O 4 La i ul^j 4 -: -1*^— ■ a 4_n_i£ (_).== j a ■"■"' (jyJ-*J 

jL^jv m£J 4 La i ul^j 4^>JL<-c-U 3j_&L>-j 4_lc-3j (j^il ,4_jJjLcj I glut-uJa Cj-iL==3 (jr* - ^ 3jLiVI •»■ • < ^>" I JJ=ui 

Uj^j j JjL^iJ! AisMiJI cJijLLay I ^33 ^Jl Integrated Circuits 4lal^"tl j%jJI <_>i^-> jtawjj 
.(ADC) Analog to Digital Converters ^aSjJI <-JgLoJI cjV^I ^1 L&Jli jlLa^ La cr^i 

*u-ul l^jjlr (3lL=>J La (j^J ADC 4_jLa_*J 4jin^-ntl <J1iLJL«jl!1 i^-ijJ tP"" J-^J^' '-^^ ^J^ 1 a^— i 

Digital to Analog Converters .(DAC) ^LoJi i_u*jl\ ciV$»dl 

4_^JL*J.I 4jlar Ltiajl j-LaTu j .4_jjj^2==x]VI <— il f?jjt-i"tl ^l^t a I§_ ^^LilJI (jyic (jr «J2jJ1 jLlaJ 

.^jJoLaliJI I <f\ s iiaj <">£. <Ll!Lsl2 >!l^j t ' <U_aJ2 i\JI '~il j! nit (JL-ujVl a 

(jj^ielJI <>jJ^2j (_>ijajiilJI jl ^.LisjjiaJL! LgHajLiLa 4_jGLalJI (jyic 4_j^2jJ| diLJj^pi^xJVl Llj-a <j-aj 

. UL*J! 

(j-^i!L><JI (j^L& (JlLain .i U i?q (j^-"' (j-^Lv -ajLJeTLi-uJ 4 atV^lj j-jljj (jr-Lc 4_u^jJ| <Jli LJjj^p^xJ V I ^_al>o 

.Low ji (j^aitlll j High jl ^LaJI L g>L.-,m : Jl^sJl! o^l*^ 

. OFF LlLa-ajl ON ^^arlji^ta ,4jyjILLa jl 4 riUa ?g_pl ^<n (j^^jJI (JlLaJ (J I yitVi <-oJ 







giiuuip 



aJJt (j£u (_£Jl!I (jr*^J-JI ^LlaJjIj diVL>JI ^o £j_L!l I Jl& *_a LuJjLj J-oUlU 1 j ^l^jVl aji 

. 1 J aI\)V| <_,!£. ojj-aj (_£>^»o l$ J^lj c^^' A Haiti >& <JLiLJU-*-J1 

^jTm-L^ c-Jlj High ^LaJI Jl^>JL 1 e^-JI Jiuiu ^.l^II ^iLJll <JU~ 4-j ^-j-djJI j-^j^' 4- 

High (jiiLjixxiil jlv? Jiu.? i-JLill 4JL.J1 I§_ ^ j S La La <jliL^l_u-<w 1 j Jiu3 ^aJI .s^>J1 Cr «-<-u3 
o^^aj Jl^scJl! iAji ^i Cy ic High LJur. Jju 4_l»J3jJI jjIjjJI 4- <j^^ .Low J!uj ^lill ^jlmXIj 

.-LOW ^^Tn-u-cl! 4_lxxl1!Lj *_iisjJI <_dJju=) ^j '^>°i B^Jt^ta 4_<i_t2j Lu^ 2 JJi^ta 4 -*^ a L^V ^"-5 v^ ^"' n - ^ 

.( \— 1) J^~> iSJL tcJsj^ jji L^=3 Low ^jla *_a High ^jlo (Ji-ljj (Jjj^U j^L £y& qj^-ij 



ajJLLxLU CjLj^ILuJLI 



fflGH 
Binary 1 



J>^-« 






LOW 

Binary 



J V L (Min) (j^ LOW J^jv £jl>b U=> V H (Max) J V H (Min) (j^ £jlA? High S#>. jl J^xAJ I J}U- £ys ^jJi 

^jt-i" m" Li~= ^,1*3 jf ^jlVim" L$j^ i llj^La jjlL Vn(Max) J Vn(Min) ij^i f4^-" i2jVL»- <j^=ljj Vl(M3x) 

.(J^LLaVl Cy lc 4_aJiieIL_cLaj_j£ (_£jdl I J-& '£- f<u2JI j^zu I JJ ,1 <_jl*3 jl 

3 OV tjj-i Low ^j^jj 5V j 2V (j^j High ^jl* jj^j TTL £jj ^a ^j-aJsj-H jjIjJlH 4- J^' cW^-" cr^- 

.( ^- V) J^,t,tl I^^^^a U Ijlaj 0.8V 




^LUIlAiaJ! 



giiuuip 



TTL 
V H ( max ) 



HIGH 
Binary 1 

LOW 
Binary 



.TTL iJL>o ^LkJl s : aU;t i cjL^I : (V - \) j^ .M I 
Uli^~>- lj|j 1 jt High L$jl=3 Lfefj-S-L..i±a 3.2V LglUja c*jL=j La £la*J 4- Si-*^j 2 jL"4 LiLuEL-ul I il 

2V ^a jJt^ofj 0.8V ^yaja^af j-A La J=j . jl LOW Jl^jv Ll! ^ju L^j-mfl 0.6V U-"La-c3 2jLil ( _ y i£. 

p^~ ' >«J Jj"^— 1 ij ,4-al JlJcTu-uI ^jL-uj^LI (jj=L-aj (_£JJI J_p*jJI a! Ia-lll jjk (J-"^ LbjJ (_3jijjlII (^gj-iTu-tJ I JlsJI AlJaj 
^jlc i_3jJLilL aj rt r rn (jy L La-j3 . JLp^JI ^^JlsJI aI IaJL]| 4Jl LuJI (_L^JeJ <j-a 7=-J-"-^i aUs-LII I jui (jyic LoLjlcl 

(_yJI ^L^?! Jlc^ ^pJlj WajJI jj'jjJ' <iJ <GV Binary System ^L&JI aL^-LII ^ L»laJVl ojla aa! 

aI taJLlI 4_<_uljJi : > aj SJu-u tiJJjL=3 .<LbJu>JI 4_lc-3jJI (Jl uajii Ij p^~* ' * > -"^ 3 a la il *_iajvj iIjLu-uLsJI 4_lIc aj-Sj 

icj^jta JAail X^SjJI ^Lujp^jyi 4- j^'j aI JLsti^l (>o 4J U Hexadecimal System <jj ,* r, c^.JI 

.^j-.itc. Cm J I ALlaJjl 4_ L^-tlaJ £ys J.JL2 JJl»j (jyjLjUl AliaJjl 2_ (^JLjla SL-oL-u) «j^±= 
l_£J 4_a_i£j CjuU. J^~ ' "' (jr^ 1 jj-^J - ^ (_i-Uj3 cr^ 1 4 -£-h ul Lt- L aJ V (j^S Lg-LjJ La-i2 4-iLJ"uTl3 4j_SJl*JI 4_a_kaj 2I *_i*». 
_ t^p^L J-lcTu ^^Jlc ALlaJ (_£| ^jLa 4_JLcj L^j^ *JL ^pJI 4_jL>JI <_i_i.u-->o ^Jl^cjj j_aj 
■ aI IalJI (JjjLjiI (Jj-CJ (_P-Ilj LajLSelLmXI jj-ajJI .SJlC . \ 
. JjvIj (_)^s-2LJ 4_JL>JI (_i-Uj3 ^jLlxlj 3jJi] Lc^J2j_a (jjjLui^I 4- Ljij-xia-a j-aj-J I (_£jLlxlj j_aj (_£) 4_a_i2 . Y 

.,_£j^^l Aj^JljlJI 4 AJajVI A^ (jA* 1 l-J^C-LtXLJ (_y^3-l ^J-JoaJI a! l^ i I 1 «L»JV I J_OJ (J J I AJ rt i I II 










*U^L, 



,IVjV^ 



Y,r,i,o,1,V,A, 



Decimal System £>£*JI f>UaJJ\ 



:^j^1aJI ^U^l 4. IGU* J^ <jjj Jl^ <^ui JjJ^JI 





10 3 


10 2 


10 1 


10° 




1000 


100 


10 


1 




^ 


,^t( j- aj vl 


<_k£*-> 






" 





O- >)<jjJL 



.iliLa^l (_)ia-*J (jyic. 2j-liiJ (jy^iJ ,flj^—-i h\\ ^-LiJajlJj 

$ 1YY f«^j-!l ^-*^ c*-^ 3 
:>JI 



(10 2 x6) + (10 1 x2) + (10°x3) = 




(100x6) + (10x2) + (1x3) = 




600 + 20 + 3 = 623 





.(<— »lj m'<* i^-u jl) 2 Jcvjl * * ^jLjij «QajJ2 djLSJLl 4JL>. I§_ 1 j-OjJIj ( (jji^ Mir jl ) 

:YJH. 



(10 3 x 2) + (10 2 x 5) + (10 1 x 7) + (10° x 4) = 




2000 + 500 + 70 + 4 = 




= 2574 












Binary System ^UuJI ^LImJI 

Lc^3jj3 Y ^jLlxu 4jL>. (J=3 (jjj (j' l£' • ^ >* a! taJLlI I Jl& (JjjLjiIj ^ , ♦ iUi?'°\ i^j-AJ (j-a aI \^'i\\ \li-& i-k}[~Li 

. JlvIj (_ya^LJ <JL>JI (_i_uj3 ^jLjij 3jJi] 





2 5 


2 4 


2 3 


2 2 


2 1 


2° 




32 


16 


8 


4 


2 


1 


ise^pe^uaJI aLSj^I J^Uj 



0- Y)Jjj^ 

j-ttlLiaJj sJljJljv 4_jL>- 7&H aj ,»j-£J JljiJI 4_JUju ^J-SJ LjJl_Lc <j-SlJ-2 ^gj-iTo-tJI al la-Lib 4_L±ji ^LiUI JlsJI aUiJ 

J Laaj ^yTLV ^T,^',M,\Y JlJlJL J_dL<JlJj 3JljJl>- 4_jL>- •>" flj Aj flj (<U *\ J I J'^' ^LV \ ,Y,Y, * Jl*JL> 

.ij^»j >*r >',i'U'V julJL j „-, , „\j aiis ou. giL ^^ <\<\ ji 

2 JuJcv <jL>- %JLaJ ^j^I V * 
3 JuJl>. AJL>. ?tlaj <j^1 U , \ ♦ 

2 juj^- ^l^ ^ u^i n \ , n ♦ , \ ♦ \ , w 










: ^LSII ^ Lfc^jl 2_ 


L^JbLSj Laj > o Jl ♦ {y* j(jl£.VI Jiu! 


,JjJk*l\ aLiaJjl 


^LzJI *Lki]! 






) 




Y 




r 




£ 









1 




V 




A 


W« 


<\ 


>»M 


\« 


>•>• 


\\ 


\«n 


\Y 


>w 


^r 


n»i 


u 


n>« 


^0 


nn 



a- nj^ 

.(^LiiiJI f*^j-!l ^- 4-JL>- (J-^ 3 4 -*tJ^ f-*-^ t^i-^- 1 '-'JLa ^gj-iTu-tJI a! laJLlI Jl (^LiiiJI a I la-ll I (j_a (JjjreHi! 















(2 2 xl) + (2 1 x0) + (2°xl) = 




(4xl) + (2x0) + (lxl) = 




4+0+1=5 





-.YJLla 



2 4 2 3 2 2 2 1 2 


(jijjVh^jL^ n»n 


1 Y £ A n 




X X X X X 




\ \ ♦ > > 




| | | | | 




YV n= + A + • + Y + \ 





V j* ^l &JI *lk;tl ( _ >u | ,„f .Y 
■ YjjjutJI 1^3^ ^ ^UiiJI Alialll cjIjL>> .Y 



(100) 2 ,(1101) 2 ^LOaLsj! 
(101) 10 ,(257) 10 -^jJ^^j] 










Hexadecimal System £j£& u*J\ ?>l1aiJ\ 

: (JT jij I j-aj J mi r <£luj jjjO (jj^-— i"n m$j i"ir Ct -i- o Ji a I P> ill 

A,B,CAE,FaUT,M,W,AA 
.\\\ UY,\Y\U,\o ^LfljVi ^L==i A,B,C,D,E,F l^j^i <ji ik^i* ^ 



l5>^£- <■ 



aU^LJI 



\ "I r<^j-!l J-A m$j Mir dm] I aI ka-LlI ^L-uj . ^ 
^IjJjlII mJjS <_,-& iSj-Z±c dm] I aUs-LII CjLJL>. .Y 





16 2 


16 1 


16° 




256 


16 


1 


2-M^.rtf! .| 


SjVl Jj!Uj 




- \ 



0- DJjji 



(F5) 16 ,(47) 16 ,(1A3) 16 :5JfLsT 

^j-^aJI 4^L=^3 J I (105) ^jJI Jjk 

:<>JI 

cfjJoAJ! aU^I 4_n JjLSjBj? J^V (105) 



(16 2 xl) + (16 1 x0) + (16°xll) = 




(256xl) + (16x0) + (lxll) = 




256 + 16 + 11 = 267 




.-. (267) 10 = (105) 16 














ij^l .jJ^ J} (10) 16 ^jJI J^v 
(10) 16 



(16 1 xl) + (16°x0) = 




(16xl) + (lx0) = 




16 + = 16 




.-.(16) 10 =(10) 16 












.(^j-JlC Cc-oJIj (jyjLiiJI jr) allalll 4- ' AJflL^aj Laj 15 J I £ya JiIJlcVI ^ La »j ^bJi JjJi^JI 



(^gj-.l.tJI aLLaJjl 


^LZJI fLtaiJI 


^ uji£. i-<-Li,Jl a 1 IaJLl 1 








\ 




\ 


Y 




Y 


r 




r 


£ 


• >♦• 


£ 





mm 





1 


♦ n« 


1 


V 


•Ml 


V 


A 


W« 


A 


<\ 


W1 


<\ 


1 ♦ 


>♦>♦ 


A 


n 


wn 


B 


\y 


>w 


C 


^r 


no 


D 


u 


n >♦ 


E 


^0 


nn 


F 



0- o)jjj^ 












, \X A" ^.'ij ^j^I ij_a Z, ( jr J-C J^Li-aJl ^ -: ulSJI /JjLJ r*i ulSj |«j (jt J2Ll!Lj i La all »ij j 2, (jyJ-C ^gj-iTu-tJI rcJSj-Jl 3 -i i ilL 

I^-^Lj j-^-^ 4_uj Cr lcf ^LLlcL I Jl-&j ,L^jJlc J <^^t I Cjy ^l^_jJI 4Jl<jiLji (j-o ^LlJI f«^j-!l L ^ 2 -'^-^ <-3j-<-u 
I§_ (jy^Li Jjij ^ "ilintl jLujj caJaf 2_ (^Li j-^*T J-<aj I JLjij AJLi.aii.aJ I 2_ (jyJsLj Jj^? a_uj ^^tj aJLxlLxJ I 

■ AjLi. ai i. a Jl (j"*-^ (_/ t(~i°l\ 

^LZiJI ^l^ia (Jl 6 ^JSjJI J^ 
:J-JI 



i^J! 


£jLU! 


c3LJI 




6^2 = 


3 





(l£*j!1 c^^l )LSB Luj JSVI 


3^2 = 


1 


1 




1-5-2 = 





1 


(jLuaJI ^^21 )MSB ^Luj ^Vl 


.-. (110) 2 =(6) 10 









tYJLi* 
^LnJI 0J J^ J[ 19 ^jJI J^ 

:>JI 



2_^J| 


^jLU! 


c3LJI 




19^2 = 


9 


1 


(u2_*J1 ^x^si )LSB Luj JSVI 


9^2 = 


4 


1 




4^2 = 


2 







2^2 = 


1 







1-5-2 = 





1 


(jLuaJI ^x^l )MSB LZj ^Vl 


.-. (10011) 2 =(19) 10 


















(10011)2 



(2 4 xl) + (2 3 x0) + (2 2 x0) + (2 1 xl) + (2° xl) = 




(16xl) + (8x0) + (4x0) + (2xl) + (lxl) = 




16+0+0+2+1=5 




= (19) 10 














. ) "I (jyic a jj ^—i 1, 1 4 o miMI aJL^ia ajLJeTn-ixJ LiJLa ,^gj Mir Cjulu1\ al laiJI J I ^j_<iiAJI al taJL}| (j^a Jj^rcHi! 
, 1A A" ^.'ij ^jj^I Jj^j ) ~\ (jy lc 4jLL-uJI M'"^l 7?-^" p ' "* ' (*3 (jySLjJLj i La qj >ij j ^ "I (jyic ^gj-iTu-tJ I .SJmJI p ulSj 

■Mgj-Ac CcJI d?^l^— a J I 137 Mgj-A«JI f«^j-!l cli*- 



U^l 


^3LUI 


c^WJI 




137^16 = 


8 


9 


(jrtxJI ^^2? )LSB S-uj JflVl 


8^16 = 





8 


(jLuJI ^x^i )MSB JLSj ^Vl 


.-.(89) 16 =(137) 10 









.ijjJ^£. e^-JI 4iaL=Lxi Jt 2793 Mgj-<ro.<JI rc^jJI <_}$*■ 



iWi! 


^3LUI 


c^LJI 




2793^16 = 


174 


9 


(jrlxJI ^&\ )LSB a^jj JSVl 


174^16 = 


10 


E=U 




10-5-16 = 




10A= 


(jLuJI ^^\ )MSB ijj ^Vl 


.-. (AE9) l6 = (2793) 10 









.(AE9) 16 ^j-im (.-.Mitl julaJI -'-g I ^ * (2793) 10 m^^AaJI j>Jl*JI jj^-y Ijl==lAj 










(J-j^tHL! .[juj—uj^ ."j'" I -: g Lu (Jj^eliJI (J-*^>«J L«-4 **jj '""* Cm 2jl».Ij 4JL». (J^'-^ SH'-" t — '"Li- ?-^J' u^ 3 d~\ 

: (jr !Ll!Lj ^J-dJ (Jj Mif O-mJI aI taJLlI Jl ^ Lilt] I al bitl £ys 
^ uz£\ (j_a (j-*-*^-^- <— ll—JLi- *— Jjl (j— « 4 *'j^-» a 4_cj_aj3ta (J ^J dlLcjjiJJtA Jl J:L_uJI aJ2j_!I p ulSj . \ 
|_a 4_!Ls. ^_ dsl_JL». 4-JUjT 4-CJ-<a^*-4 jjj ^— ."1 | J_(ij jLlxljJI CjLJL>J jl a us] JkJJjj-J I IJl £ —- 1 aljj ,(j-*-4J-!l 

.4jijjI ^jLlxu V 4_lLuII jLxlaJI diLJLi- .sjlc (jL=3 

.^cj^j^a J^xJ ^j-^iaJI y.^L^all JLe. J^a^o .Y 

(Jj-tf^ C^-oJI 4^Li=L* Jl (110101) 2 ^jJI J_p- 



(0011 0101) 2 


^L£JI 


(3) 10 (5) 10 


^j_<1aJI 


(35) 16 


^J-U±C ' " * full 


.". (35) 16 =(110101) 2 





:YJlla 

(Jj_£c tiuuJI 4^L=l* Jl (1 10101 1) 2 ^jJI J_p- 



(0110 1011) 2 


^LzJI 


(6) 10 (ll)io 


^j-.!*]! 


(6) 16 (*) 16 


(Cl '""** <? < (Ml) 


.'.(6fl) 16 =(1 10101 1) 2 














^jj^i «.~..mT1 oj-J^ J\ (1011100000) 2 ^jJI J_p. 



(0010 


1110 0000) 2 


^L£JI 


(2) 10 


(14) 10 (0) 10 


ij;j_<l*]l 


(2) 16 


(E) l6 (0) 16 


^jj^. O^aJI 


.-.(2£0) 16 


= (1011100000) 2 





(9jL.m1I j»UmJI ^ j (i>u£ u«JI Alii!) i> Jj$*2< 

(0 _ Y) (JjJu>o 4JL.Cll.uVL liJUij , <L-iL*j <— iLLx. J-Jjl <J1 i$J m<<* C <-m j-aj i_L^= ck^ 5 *^ (*>^ ^-* 

^LiJl ojJ^ J\ 2B5 ^j^lJI J^k 



0010 1011 0101 

.-. (10101 10101) 2 =(255) 16 



^LiJI <jj-J^ J| C03 ^j^lJI Jj^ 



C 3 


(^ > (*ii f dt-«-aJ 1 


1100 0000 0011 


^LiJI 


.-. (1 1000000001 1) 2 =(C03) 16 












Binary Coded Decimal (BCD)^u^IXuUj 4j>i*JI i\±&)l\ 

,4_jjl_iiL!l ^LjLlJI ^j-<-u 4_j>JL»-<3 g-^la!i in" V diLi_<-uL><JI Lg_Lu ^j_<iiAJI al fr> it! «_^ J^jLslIJI (jyic (jL^JVI .sLn^.1 

j_& oCL) Sj ^— i II (jl-2 LlA (j-oj (jyjl—uil a I laJLIl J «bjljj L^J ^j ■"<* (C^J (J^= (JtH- 4 - 1 iSjsj l ^' (J-* 3 U'-^ 3 ''-" 

.^Lzl!! aliaJJL L&3^L=4 ^ 9 Jl (j-a ajj-^l«JI aI^jVI JAd! ^JjL*^ 5 Jj! 

BCD j^=JI 



I^j-iSulII a Hail 1 


BCD 






\ 




Y 




r 




i 


♦>♦♦ 





•M 


1 


♦ n« 


V 


on 


A 


w« 


<\ 


>»m 



0- DJjj^. 

ID aJ2j_!Ij , 1 1 (JjljJj * * \ \ _j (_H-*J J jft^j-JI ^Lli-4-2 4_jj1_<j <J1jI_JL». *-jjLj (_H-cj j^j **■"* (*^J (J-^ 3 £)' ' taa- 2 

OOOIOIOI^LUL^^ 












:^bJI Jjj^JI 4. 1 o^n i^j-^aJI ^jii ^SLAil ^l^-ill <>i UU: L 



.BCD 



J (j[ 4_L3jreJL<a c 



jjuJI 


BCD 


t^tfii! ^l^Jtl 


23 


♦ •w»n 


10111 


Ao 


i — ^ 


1010101 


251 


♦ ♦w^wm 


11111011 



0- v)Jjj^ 












j_ju tTjl J 4 \ ,, A, i, 4- Low j High fuiJI jr^j rjl>2 Jl^»Jl! *uS ^^JLc ^.uiljJI cjLvjII jl cjljLiVI (^>b»o 

4-Lfllalll *u-ul I fljlf (jlt-ij (_pJI j (jLp-^M (j At*; 4- (JJl3 4_*jj-a <— il >>> n (jx. ajLtc 4_ujJ2jJ1 tljIjLiVl tjj)<--~i~ 

.Low J! High £ya j_uuj Lajiir. (^j High J I Low <>a j_lLu Lajdr. 1 (^ 4-^il 
.Low Jl^>JIj High ^jfm.tl /\ Jl^^JI jJ-Juj L,J>U- {y> JjZ jti\ cjL^iJI ^IjM ( -^ A) J^^tl ^^bjj 



a^j-jII iaUJI 



4_JLcJI iaUJI 



aULcJI a^U>JI 



^.jX\ a^L-JI 



Lai ,4_JL-u 4_2L>o ^ j** 1 "j ^Hlghj CxjL) i^^lujjja 4_cj_LLa 4_L>-j_a 4_2L>. (jylc ^^IL>ij 4_l>-jJLI 4_tia_tl!l (jl , f A -v \t i 

.4_L>-j^a 4_aL>«j ^ gH *mj (LOW) OjIj ^jTa-Udftj ic^jHa 4_l!L-u 4^Lv (j-a (jj^-i"" L3JL2 4_l!Lxl!I 4 cga-jJJI 

4JJJ-S (Jjjj^Liji Jl p 1 " 2 " LfcjjJij (_jjJI '**" >iaj ill (j_a <LLmLm (j^J 4_lc-3jJI 4_a_ku2l ^_ dsljLiuVI jO-kaJt-a L-dJUu 

.Aperiodic 4jjjj j^ jl Periodic 

.Period j! s juviyi SjjJl!! £ysj ^Jy T £ysj juj I g , u aj jl^iaj (_yJI 3jLiVI ^yA 4jjj-^' BjLiVI 












: 4-xjlj.Ja^ 4_uiJ2j ejLil ( ' * - ' ) J^— £JI 4jjj.S 4_iaJ2j 3jLil( " - ' ) J^— ifJI ,j\-u 



1010101010101010 




T 1= T 2 =...T n . 1 =T n =T= Period 



Frequency = f=1/T ->-^' 

.ajjjJi Si-*^J «jLi! :(" — ' ) J^-i mi! I 

^ j^pJI ijcvj .3 j^Ij 5_uD J}U- Lg-cu^ L&jii BjLiVI ju*j (pJI inljJL! ->j^i ^a (frequency) f j^iJI 

.(Hz) Hertz jpj^ll 

f=I y t=I 

T J f 



01000 101001110 1101 



_TL 



un 



.Ajjj^ j_i£ <Lulj) Mir 4-j-cJ3j 2jLil( i * - i ) J^-i Mitl 







. Oscilloscope u^^UwVl jL#- - ^ 

j-A OJJlj^i -»-l t^i-^^l ^-j> <^>"j JuJl^j .(j^'Vrtt Lai JiielL-ul j"i^-i^I 2j^v^?l £ys j_& c_)j ^—y , »^.Ln.u^ I jL^Jv 

.4IuIuLii (jyic 4_Uj_£^j 2jLil (JT irtl/j ^y^j^. 

2jlJ-i (j^sj^s (J^al^c cJlC (jyic (J j 1 <a >J I (j-a 4_<iLi (jyic 4_ui^jJ| BjLiVl <_yz>j-£- I m^—i «ij .(j-ajJI (jyic 

(_)l3J_ftJ (Jy jDL<iIijl (—1 J^— I 1 -Uj. Lt .t.u 2 I (»J-2j . (jr aj2jJIJ (jt jDLcIUI : i—i^^^uJ^AJLujJ \ lj^>-\ (j-<5 (JLCJJ ^>-J^ 

cIjLLj^. Jl^L <GLe cr djJI yj^— ...jlj...^l La? .<CLiLi ^yic 3j_<iLi-a <Glj_iJ2 jj>.] j_LC 4_L>J jJI BjLiVl 

L^ajLJcTu-uj 4_lc3j <JliLajjL*_a Jl (jjjLflJII Jl^>JI (Jj^e-i! AL)U (jr aj2j (jyJDLa-i (_J^ta ajLJeTu-uj^ ajLii^L! 

.4_<iL<iiJI (jyic ijLiVI f«u-ujj *.1_Ll! Jl*j L*j^ 

£jll\ j>a jl-£>.( ^ - ^ ) J^xAJI (jrC^jJI £>J1 o-a c-J^^a , .i^Ll^I 2>£»4 ( ^ - ^ ) J^lAJI £-^JJ 

.^UUI 









^Jfuwb- 





. (jr cJ2jJI pj-<JI (j-a <— ij^-i lujljiiil 2j^>-\ :( ' ' - ' ) J^-i Mitl 






^LUIlAI^J! 



giiuuip 



^^ 


^^Hi 




& J»i 17 i""® 


/ flHHHI 





.Logic Analyzer Jahxt\^bd\ - Y 

4_iaJ2jJI <J1iLJLjJI ^jlaj^ij < a mi^-i1 ( < > - < ) J^-i *itl £- j-giaj Lc=3 < jLg^>J1 I juk ajLselLmj 
.(JliVLsJI (JjJuv j ^^jjJI i La La se 1 1 < ( ■ 'j^— i ■ ujij i ■■>! ( Jj_u_u_lL=3 < c.SJl*1L« '"'I *j i uJuj 

(_)iaju (_>"Lj^ 4_tJl^— i aV I jukj 4_.iL.iiJI <_-lc 2jL_uVl (jT lseAA u^jjt] ^JLxJI 0_Uk _L. jLg_>JI a J_j__._uj 

.BjLiVlj '"'I -^ III _L<jIj__ 
Timing Diagram Jx*yl\ JakitJLI jimii - <__ 

jl <JLlL_wjJ,l (j_0 4_C.J_i_>i3 (JjisO (j-fl (J^~ ' <IJ >-4_4 '^'_9- a *J> '"'** 4_L_U (_)__J__. ^yA (_, 7) Y~i 'l 1,1 (JJ->_1 I « jW*l I ilj 

.(j-ajJI _j}L>. I -: g Ltj Lc^ 4__}L*JI jjj_>_i j) (j^HHJ -uljL-.'-M 
State Table .uVUJI JjJl^ (jwa - ^ 
_L_ (JIiLjLlJI ^jjljj . Jjl j_>. J^— __ _____ 4_j_L__J1 t__L_-L_u]l _>^>j-=. £y> 4JI_>JI juk _i_ Jl>iil * j tall ■ ■■_* 

__jL__JIj Hexadecimal _£>_-_-. ___--l j__oJIj Octal ___U__lj Binary ___.L__JI____ a_oj-_. * k it . j_c 

.ASCII __slj____ij BCD L^ Mir j rt Mill 







giiuuip 




Pulser Logic Probe , Logic ^^JIj^WIj**JIjL^ - V 

JjljjJI (JLki£.i L-d-<luJ=JJ ^j^»-»- At aI \l ^—, ( j Jt >iil ji ^ S U *< 1 1 jLiTlvVI jL^JV j_uJU 
.3jjl jJI ^j-a ^-4-*- a 4-la.flJ £_ i_3j)jiii]l (j^3 .SJlC (JjjL-ojvL 







giiuuip 



. (JT 2±ilo (jjUjJl fiJJJ^S ( ' • " ' ) J*^""" 1 ifuil LTV; 




.Sjjl jJI (JjO 4_i_L*_a SJaJiJ 2_ JljLxJI 

jJ^ «Gla c(-\ y°) J^n.t.tl ^ jflt^j ^ JJI j < Logic Pulser u sU;tl ^.^jitl jL^ Lai 
.Logic Probe (JT ikill jLTl^VI jL^ 2U,„ij, ijjlj iiaij Cy l£. L^ILzlJj 




.^.itl Lr ikla ^^1 :( > ° - y ) J^.t.tl 
■ ShortS j ^a2]| Oljb ^^JLc lJlA=xJ1 ^ Cr 5laJil ^i^utl jL^>JI f J U~t , ,n 







giiuuip 



:DC Power Supply >«L4li^} I JJyt - i 

J I ?:Ll>«j 4_lcJ2jJI jjljjJI (J=i (jl L*^ .4-J-aJ2jJ1 j^ljjJI (J-l^-iTuTl! a^l±jj\-uj^\ cj^>-^\ jj^a Jl£>JI jJj^j j_l!*j 
a la « aj j n" i •■ a Jl^v ^J I AC <jjLlU,I 4_ijj^=lJ1 i^LLaJI J_£5ej ^JJI jjk Jg->JI jJj^s jla j-cTmj-a Jl^ 

. +5V <QajS jl^jv Jl ^Lbo CMOS j^lj-i p^yj TTL _>>1j-s <■ <lf f 




I JL^sdJ jJ^ jl^:(^ - ^) J^lAII 









giiuuip 



: Function Generator ( JljJJI )uljU«)M ±1$a - o 

CjLvjJLIj ,4_L*ia_uJI SjLiVL JjjjJliJ -ajLJeTn-uj SjLi^U jjuua-a (j^l ajL^C j_& 2^Jl*jII <JLsljLiVl jjj^s 




.djLiV! jJ^ jL^.: ( ^ V - \ ) j^,,t,ti 









giiuuip 



(DMM) Digital multimeter ^jJltijIJiyi JJUu^Ltdlljl^ - 1 

<JJUJl=ij <— ij Ull I j j-aTn.u.1 1 jLjUI ,AC <_jj1_l11Ij DC j-ftTn.u.11 Jl^j>JI (jjjLii] c\^\ aJJb -ajLJeTn-uj 

.cJijUi^JI 3_s JlslIII (jjjl_ii]l 2j-4^-l (j^itjt JJ- 4 ^ 5 ^ i A - i ) J^-i Mill ^La jflfcj 




l5L%J! S^juOi! ^LaJ! Zj^-K ^ A - > ) J^.t.ti 







SO-JL ^ju 1 jLa .Y 

Si-JCLclJI Lgj^jlVt *_a 4JjlJLa 4_uiJ2jJI tljLujj^p^xJVl <Jljlj_^4 (J7 Jb La .V 

5 1 OmS (_|=3 LgjLia_u jjJ=ljj <L>-J-a -i-i>J J-A La . £ 

<5 1MHZ ^j3 Cili ^.jl 2j^iyi SjjjJI j>j ^A La .0 

SV ^4.4^ 4^11 Ja 5 1001 11010101 C.LLJI Jiu: ^1 ^.jll ^jl .1 

^f Uji^vj jL^a ^_ ^j^ ^vjiij^s 1010101010101010 ^llji jiu: ^i ^.jii ^ji .v 

ScJij-flltl a^aII tliLi <J1iLmJ=l!1 ^yic 3 * ^ J I iL« .A 

. 'J^~* ' "J^ ' "^ jW^ 4 -*-^- a c?-^ La .\ 

S^^yJCLcUl gjjk'i *_a 4_JjlJLa ^^j-aJajJI (_) j ^3 > u^Lj-m V I 1 g^aLqj ( _pJI CjIjJLaII (J7 Jb La. ^ * 

5 Logic Analyzer CT 2kiil JL>d( 5_a^a ^ La. U 

S Logic Probe Cy 2kiU o-^ 1 jp cr^ i-* 3 - ^ Y 

S^jTuUI j^IjJlJI ^ L-flM.^tl «GL=uaL ^ JJI oo^Ji! fjj ja La. ^ V 







^ 



I 
3 



I 



F 



suayi^ijiji 



4_i^jJ! 2 j 5 U ; 1 1 < ^MUjtl 







.Lijj-aj 4_2jJL^aj 4"(?j(7->> (Jjl Jcv *.l_b (jlsjJiJ Aj^JLUIj ^.l^L-u^I dlLl^jJI L-dJlita (jy ic (_3j_SLi!l 

:3d£L4l JjL«$JI 
:3Jb-jJluUlhl4 

4-fljL.oJI BjuvjJI jLjI^.1 






Logic Gates ^uikai uU(>a! 

Lai ^i , Low 4 l^jclLq 4_»i!^2 jl High 4_l!Lc 4_»i!^2 -s_£>-j Lai U-&j <U?'°\ cni!L>. dn^ j^w s^ajJI j-%^' 

^ v^ 1 'V - ( 0FF ^ u) e^J^' 1 J 1 ^ 1 o^>- f^ j? ( ON iJUO c*>^=xJ1 jLuN u^>- 

Low JjL2j f^jJIj ON jl High JjLSj 1 ^jJLa ..U^ o^j fjJxi^ <G^:=xJ ^LnJI ^Ikitl *l jJxi^\ 

. OFF j! 

^l*j LaOR <JuU«jj "j" c^ L° AND ^Lkj 4- J 1 *^ c^ JI ^WL^ 1 Cr^ ^?^»'tl JL^LaVl C1LI3JI 

." Ct ^" j! "V" c? i»j La Not LJ^Lkjj "jf" 
o J.& <yu (j-oj 4_jjj,Lj<^I ^LI^aJI (j-o ic^Ajjta (j-o (j^=ljj La LJLc. jiJI ^LI^-JI ^^ aj^jLUI ^LI^-JI 

• j ^3 j J dlLljjJI 

." 4_miU j! " j! NOR cjLI^j - 

." iUAiil j " j f NAND ciLI^ - 

." j^ljij! fjm " j! XOR cjLI^j - 

." iUAili jiijiji ^ " 3 \ XNOR cibl^ - 

.0jj>- (jyic (JljLljjJI JUfc ijji (J^ 3 (J-^l '^"^ 4_^uljju IJlJ_L] 

AND Gate AND-j-HjIjj 

4_,I^JI ^aj AND^I^JI 3j^=l2 Ji^4 ( -' ^)J^lAJI "^i V jl ^ J^=" ajIjj cr ^ u 3 AND oljj 

■ pg-L3e-t^3 (jyJLl!! I ^-^ I a j <Jj^l I ^-^ I a (j^=xj LaJiic 4 j S La 1 1 1 4_dLa_*JI J)*--" (JJ iJ| 
( -* ^) J^-i mi! I .!§_ 4_LljII fijjljjl J^-iuJ 4_jLc£. Jl jlajl fijj=ul!l ojui Tc-lJsjI! 



Xul_JIS_»->JI 

;^2yi44___i__i_»jji 



^Vlu__*NluJ 

^JL-I_i_-I 



^Jlu-b- 



A ^12LoJl B ct___1 

-ex o ex o- 




4__i_ll 



.(j--— — -J^3 A , B £>_vL__U }___ (jj^-ij LaJiic i U a_ »_, i >n ^L___.l _J _i_>.}_> 3j_l jjl tfjui I§_ 

Jjj-»_l t jl_ Cr ^oj Lj A , B jtU^jJlJ 4";^„l,l l_VL>JI Jiu^ ^L-J! JjJ^lj 
Truth Table 4__x_^Jl JjJ^j 



J--J-I 


S>*-1 


A "■___,! 


B £___.! 


y-lj<^U 5JL>- 


OFF 


OFF 


OFFLik* 


OFF 


ON 


OFF Like 


ON 


OFF 


OFF L_ka 


ON 


ON 


ON,,^ 



(Y- >)JjjL3. 

.(_L^3j_a B 7-LLaJLI j (Jj^aj^J A 7-LLaJLI _)^=lj La 4_JL>. ^_ r ^ Lea a y-k_aJJ _ijJ=lj 4_jT (JjJl>JI (J^Li. _ya (JO -1 
.4_l_2jJI j_ljj_lj 4 j r? t-i i 1, 1 —jLljjJI (J.L-l-1 4 <7Jr7->- _>_. 4jLa_=_ iJjkj Li! _,t"t«J _JJ-I J_i 4 r7Jr7-»JI <JjJ-J- 

rj__« Ji_W ^Jjj-CJ 4_l_2jJ| £j_| jjl jf 4_j1_5_jJ1 Ji.1 Jua .SJlc JILcj «Jl<__^I _>_ _SJl_ _ya JjJ_»J1 I juk jj --■ i"ij 

.S_j-aljJI 3j_1j_1 jl <j'_^JI 

.S_j-aljJ! sj_l Jl!I jl 4_iljjJI (_L^I Jlxi .SJlC *_a 4_<}__ 4__ ,JjJ_>J1 __j_-_> _SJl_ La? 

CT^'i J^^ *-UTl>_,I rfU_J1 -SJlC t_4.Li.aJ I JL_J Y _)_j_=_j l_5j____I _SJl_ _)L_ ^ ^jLloJ J_Jj_,l JiJlC _)___ lil 



i^SjJI 4+alaM OiUajJI 






^iwtub- 



4jujVl diVUJI Jl<w La I jufcj i j! 2 2 — Yx Y jj^j i AjA,^tl jju! jLa Y i^jL-uj JiJjJU ^Jlc <jL= lit 
<jli^L>JI J!uj La Ijukj A jt 2 3= YxYxY jj^j < ajj ^ > ^. T I j>Jlc jLa V lSjLj-uj JiJjJU .sjlc <jL=j 1j>| 

N JiJlC ,' X X Yx Y (j_^=LJ JjJt^JI JzyLuz J? (JllVUl^VI .SJlC <jl-2 N (^jL-uJ J^IJlU JJlC <jl_=j 1 jil 

^j^jv cJL= lil 1 jt High jt ON jrj^JI K*' <^ AND L>Ijj Jau «j-==^ Jiu^ 4_L>LJI 2j^1 jJI 

. 1 CT 2kHI ^,,,1,1 jlI^ jT ON J^IjJII 

.(j^J^a Clli AND <jl^J ^jLJr-1,,,1,1 j_aj_!1 ( Y- Y) J^.MI ^ 



■D- 



B 



_ Y 



(Y- Y)Ji^AJ! 
.<JLv J^ jLiHI ^paij AND LiIjj J*l jLa ujVU. J== ( r-Y) J^AJI ^ 



:-:d-' 



:°^>' 



:-:d-' 



;°^>- 



(r- y)j=^ui 









^Jiutfb- 



^jI^JI ojufe ^Li2.-v JjJl^(Y- Y)JjJl^>JI JiU£9 



J^J^I 


S>"1 


A 


B 


Y=A.B 


♦ 


♦ 


♦ 





1 





1 








1 


1 


1 



(Y- Y)Jjj^ 

J^Ijw ££43 oli AND "j" ol^j 

C.J B j A (Ji-I Jl^j Cj^Lj tlil J AND 4j1jj 4 a^QJ L^J^ 3j-i1 Jl! OciJjj^a 2jj^a( * -*) J^~- iSJI (j-A-JJ 

A ^ULail B e^l C C 1 ^ 1 
ex o <y o <y o — 



2biijJl 



fcfe c 



(Y- l)J^,1,tl 

(Jj^a j^j j_lC j| 7-jILLaU jl B j A ^pLaJLI jjjo 7-lLL<5 (_^I (jl-^3 lil 4_jT J^"~ 1 "'^ I Jl& <J^L>- <j-« ' ta »»^ ) 
B 7-Llai.lj A 7-LlHI (Jjj^jj 4-!Lv (jr A 7-1 u,M,l I_£_j3 ^ (jr iiaj <_yJI SjLp*j]l 3JL>JI A 0U1 a 7- 1 u r^ 1, 1 (JJ)^~M*^ 



(Y- o)J^ill 









^Jiuwb- 



(Y- V)JjJl>JI 4-J^2»>tl ^^ J^° ^W "^ «-2^»* Jj^ UL 



C c Liai 


B^LlUI 


A^-LlUI 


£_\y^[\ ^ULv 


♦ 


♦ 





♦ )OFF) 








1 


OFF))0 





1 





(OFF) 





1 


1 


(OFF) 


1 








(OFF) 


1 





1 


(OFF) 


1 


1 





(OFF) 


1 


1 


1 


1 (ON) 



(y- r)jjjL 



:Ji*ljull a-lloIIL 

1 77 \ 3e o LI 4_u-u_uLj 
Laia-a 7- 1 y r* 1,1 <_y-*J : * 
1 oUia -r I y r* 1, 1 <_y-*J : ^ 

OR Gate ORjl 2l>!>> 

?-l jjuaJLI (jl ,U^.\T. I »^l^ , OR jf Lil^j Ja£. 2j^=l2 %_J3j3 (( -* 1) J^iAII) 4_l!Li!I ajjj^^JI 2jjI jJI 
2_ jV e%JI (_>u^ 4- (OFF) cni^>><3 j^ A , B ^LlUI o^=> 2JU* 4_ VI cjVUJI ^^ 2_ ^ CT ^4 

(3 ^ "^"Ui ?"L-L^all »^_, i <a J til! juj jLjjI! jL-^-° 4_j£ (jj^~ >J (J-^5j-o j^-B j Jj^aj-a j_i£ A 3JL>. j^lL 4_!L>- (_£l 



i^SjJI A*fa2\ OiUajJI 






^iwtub- 



A r^^ 1 









B c Ui-Jl 


33 



4j1*jJ| 



(Y- DJ^lAII 
uljJI »jS^ Jjj^^ JJy(Y- i)JjJL*JI j OR ^l^iJ ^j^it^Jll >jJI <£jj (t - V) j^.t.tl 

A 



B — 2L_ 



B — 



>i 



— Y 



(Y- V)J^iJI 
.<JU J^=^ jLlUI jrj^JLlj OR XjIjj Jil Jl« ^VU. J^= (T - A) J^AJI ^ 



(Y- A) J^lAII 









^Jiuwb- 



A , B jr^LWJ ai^ai cVUJ! J^= ^U! JjJ^I j-^jij 



J^JJI 


s^ ( 


A 


B 


y-Li^tl aJLs- 


OFF 


OFF 


OFF 


OFF 


ON 


ON 


ON 


OFF 


ON 


ON 


ON 


ON 



(Y- i)JjjL 



.T^itil j (JS-I J_ci! A-LfljaJLl I (<U-2JI A La i ul^j 4jIj_l!I 4 ^J^^- (Jj^ 1 ^ ?T'" '" ' "I LjJL^x-aLj 



J^JJI 


5^' 


A 


B 


I Y=A+B 











1 


1 


1 





1 


1 


1 


1 



(Y- o)J jJl 









^Jiuwb- 



.(t - H) j^xAJI J>U <> Jil j^ oMis dli OR oljj 3j^=^ ^ixa 




4j1«jJ| 



(Y- \)J^Ai\ 

5JUJI .^Ljuall 2*1^1 ,J[ <J3jJ °J3^i tS'^3 2^1 jJt 4- J^P U^J-" C^! l£A3^ ^° Ijufcj cjjljjl 4- A-flliLa 
(Jj)*"~ '" ji 4-L^3j^a j_i£.C jB j A %_pLaJLI (j^=iJ LaJiic (jr A Laia-a 7- 1 u r* 1, 1 L^j^ Q^^~ >J <_y-J' 2 JLp^JI 



C £-Liai 


B^LlUI 


A^liiii 


7- 1 y r> 1, 1 4_!Lv 




♦ 





• )OFF) 








1 


1 (ON) 





1 





1 (ON) 





1 


1 


1 (ON) 


1 








1 (ON) 


1 





1 


1 (ON) 


1 


1 





1 (ON) 


1 


1 


1 


1 (ON) 



(V- 1)JjJL 









^Jiutfb- 



:Ji*ljull 4-u.aiIL) 

f^j^sjji jjlc T-LLail u^-su : * 

jjj^s^a y-LLaJJ (jylAJ : ^ 

'^"^11 4-!L>. j| y-j^je-c-U 4_u.u_LlLj 

Laia-a 7- 1 y r* 1, 1 (_y-*J : * 

.JS-ljua 5j>Ij <^>lj OR <jI_jjJ Ji-ljJU j 7:j-=*l\ u£i £a}L*J1 j Cr 2laJil j-a>!l( - r ^ •) J^=lA!I t=-^jj 



Y=A+B+C 



(Y- WJ^.MI 

NOT ^iJI 2L>I>> 

y-L-call S^Liis! J! i^-SjJ 7- llltl J-lusjj j? 4_uj^^J1 jjljjJI '£- iliuJLI 4jbL.g]l Jl^— /:.VI J}L>. ^ L.S^*J 

OFF)) *ULVI J I ^^ "> " ^-Liiil J^jj jf ^iju U. liUi „^r ^InJI J^,t,tl 4. ^ *_a^ (ON) 
( y -njj^AJi Jl^!.(ON)s*L2»VI JI^jjj"*" ^Jll^^j 
R 



4j1«jJ| 



(Y " U) J*=n,MI 
(J-Li^ajj Lai .^IjIlJI (jyic y-Li.Ls3.Uj XV <LojLa!l ojLlxl/j jLjj AjjLLa-iJI jJjj (_L%aj^a j_lC y-LLaJJ ^j^=lj LaJ_Lc 

jLjill jljj •■■ u; s jj La I JlAj jLpU J-Ja^a jL-ax jj^— j (^*'^j Short BjjIjJL jj^ Jl ^jijj <GLa t-LlUI 

.^Liial Jt i^-SjJ La 7- 1 u r"> 1, 1 jLctua (_i_L>«jj 7-LlHIj 4_ajLail '£— 




i^SjJI A*fa2\ OiUajJI 






^iwtub- 



•(V- V)JjJl^JI J}U. ^yC £-^L> \jJtJ 



Jiail 


S>JI 


A 


?-l u^iU 5-!L%. 


OFF = J^>aj^ 


ON^^* 


ON = 1 J^j-a 


OFF=* CT ^ 



(Y- V)Jjjl 



.Not 4jIjj iijijv JjJl>~(Y- A)JjJl^>JI 7=-^JJ J NOT <j1jj JAcl! ^jLJtlmXI j-aj-JI (j^u ( r -^ r ) J^lAJI 



1 



1 



(Y - U) J^lAJI 



J^jJ! 


^i 


A 


F = A 





1 


1 






(Y- A)Jjj^ 

NAND Gate "j^" ~^M 

SjI^j ^ fijLtc (^ NAND 4J3J jf J-iielJ <ji «.U" ...'. l jj , AND aJ^j ^j..^*- j_a 4_>^l oj^ Jac 

(Y -1 f) J^iAJL ^-Jaj^j _$_& La I jufcj ,Not AjI^jj ic_jjla AND 



:")—>- Y=AE 



( Y - )X) J^xAJI 



i^SjJI A*fa2\ OiUajJI 






^Jiuwb- 



(Y - u) j^,,t,ti 2_ ^^ ^ NAND i.^ ^j^i >jJl La! 



A 
B 



O 



Y=A.B 



(Y- U) J^xAJI 



. £>U1j J^l jlXI ^VU cjVU^I J^ ( t -i«) J^.^tl ^^ 



^> 



=D^' 



i^^ 



=E>- 



A 
B 
C 



(Y - )0) J^xAJI 



J^jJI 


AND 


NAND 


A 


B 


=XAB 


=YAB 








1 





1 


• 


1 


1 







1 


1 


1 


1 





(Y- <\)JjJ^ 

Ji.1 jw <i}0 o!i NAND j " <j!^ 
C. j B j A J»l jl« oMis cili NAND fcljj ( -t n) j^^ti J^, Atl ^ 



>H>^ 



Y=A.B.C 



( y- n)j^.Mi 









^Jiuwb- 



Not. CtJ 2J <jl_^u ic^jHa J^ljuo <il)}Lj Cjli AND 4j1^j ^ lLj^ojI!! <_>!=>>*-! jj^"" 
(Y - W) Jg-, ,*,tl 4- gr^a J^ljua ££ti dills NAND Jul^J u SUill j-i^lUI j >j-H j 

A 



Y=A.B.C 



(Y - W) J^n.MI 

: (JT JLl!l 4 r7jr7->JI (JjJl*. <J^L>- (j-a <j'_^' ^>J^* (J-a-C- T ' ^" J 



A 


B 


c 


ABC 


Y = ABC 


♦ 


♦ 

















1 











1 














1 


1 








1 














1 





1 








1 


1 











1 


1 


1 


1 





(Y- WJjJL 



NOR Gate "ji^" "^M 



:=o 



Y=A+B 



_^V=A + B 



( Y - u) J*=-..MI 



i^SjJI A*fa2\ OiUajJI 






^Jiuwb- 



NOR L.Ijj Ja*3 l-Lj== (t -H) J^,,t,tl ^ ^h 



O 



o 



o 



1 



O 



(y= n) j^lAji 

(j^liwjLa ulili NOR 4jIjj 4_a_ti>. JjJl>- J I (^-SJj I Juij 



A ji.jj| 


Bj^jJI 


A + B £jJJ1 


Y = A + B 


* 


♦ 


♦ 


1 





1 


1 




1 





1 


• 


1 


1 


1 




(y- n)jjj^ 



JJJ ju» d^ oli NOR j " ol^ 
C.j B 3 A J^l j^ o>lis mlj NOR ^I^J ?U'A I j^UI j >jJI (t -r .) J^ui ^ 

\ ^^~ Y = A + B + C 



( Y- YQJ^.tl 









^Jiuwb- 



Cj}Lj tliti OR <j!^j £- U^= J-^^t I a^lUJI CTJ iJ Jl»*L <jI^l!I oJl* A-Lt2a> JjJ^- ^yic Jj.^^tl 



(Y- ^ Y)JjJi^JI 4-7=-^=>«>* La I J-* J J^ljus 



Aj^jJii 


B J^jdl 


C J^jdi 


A + B + C 


NOR ^ 


Y = A + B + C 


♦ 


♦ 





♦ 


1 








1 











1 














1 


1 








1 














1 





1 








1 


1 











1 


1 


1 









(Y- U)Jjjlv 

Exclusive OR Gate (XOR) Ik^lji 2l>!>> 

.jr^Jli^ jrtl^jdl <j_^=a UjLJLfi. "HIGH" iJUJI jf "ON" iJUJI 
(jr alaJLl I ^jTn-u-U Jiic (_pJI (_ji-l jJLI (j-o l£-Sj-2 .SJlc lLJLIA jj^~- J LaJ-Le. \ 7:j^- <i\_$d\ oJ^i I uajt] ^ La «" 

.(j^-^J^ 3 <— ili XOR AjI^j j-aj( Y -Y ^) J^-i Mill jciJajj 

A - 



B 



( Y- Y>) J^xAJI 



i^SjJI A*fa2\ OiUajJI 






^iwtub- 




( Y - TY) J^xAJI 



A 


B 













1 


1 


1 





1 


1 


1 





(y- mjjji^ 



J* I ju &y& c»li (XOR) ^b,^*!! jT oljj 
C.j B j A Ji.1 jb» oMis ^li XOR ^ ^Jj^ulI]! j u ?W,\\ >jJI( -t tr) j^.t.tl ^ 



Y=A©B©C 



(Y- YYOJi^iJI 



i^SjJI 4+alaM OiUajJI 






^iwtub- 






Y=A©B©C 




Y=A©B©C 



( Y- YD J^,t,tl 

.(_ji-l Jl^j Cj^Lj dlli XOR 4-j'jJ (jyic. (J j i ^ 3e 1 1 (j\l>*jLa £*\± XOR (j-^jjljj aI Jiielu-ul LiJl ^-i aL 4JI <_y-*J La 



(Y- YQ) J^xAJI 









^Jiuwb- 





C.jB 


3 A JiJj^ 


o>l3 di XOR iutjj 4^^ Jjj 


Aj^jdi 


Bj^jdl 


Cj^jdi 


A©5 


F = (A 5) C 


♦ 


♦ 







♦ 








1 




1 





1 







1 





1 


1 




♦ 


1 










1 


1 





1 






1 


1 







♦ 


1 


1 


1 




1 



- (J\ (^JiJ-J IJLAj 



(Y- U)Jjj^ 
Exclusive NOR Gate (XNOR)lLitt! :<U>«*llji 2ul$j 

^U! JiljdLI JJifi. u_^=e ^^-^ "> " £J^ o^*" cr^ iiL-JI XOR^I^j „^r Jaaj XNOR ajIjj 
( _ y 2Ia-Lll j-ojj*' (jylaju ( -* ** 1 ) J"""! Mill , * ^>^" (jj?"""" 'J <-^-ta ' J-C- L^J Cr^JJ ^ (jjiiUUI ^jTli.u.U JJ-C 

.XNORoI^jl*^! 



( Y - y*\) J^n.MI 
.^JUulJXNOR^ 



Jjjcv(Y- > o)Jjj^JI £-^jj 



J^jJ! 


^ 


A 


B 


Y = A®B 






1 





1 





1 








1 


1 


1 



(Y- >o)J JJL 









^Jiuwb- 



>j (t-Y V) J_=_AJ| ^^ .Ji| j_* a3>13 cili XOR ajI^j „^r Jil Jl* a3>13 Cili XNOR ajI^j Jaju 




Y=A0B©C 



(Y- YV)J^lAJI 
C.j B j A Jil j^ o>li5 dli XNOR ajI^j i 



JjJjv(Y- \ "l)Jjj^>JI ^.Jsjjj 



A 


B 


c 


AXor.B.Xor.C 




A®B®C 











1 








1 


1 




1 ° 


1 





1 


• 





1 


1 




1 


1 








1 




1 





1 


♦ 


| 1 


1 


1 







1 


1 


1 


1 


1 





(y- n)jjji3. 

IC( Integrated Circuit) a-UI^"* Waj jJiljjs J^m. (^ ULl^jj* j^\ ly,WA\ cjLI^JI lJLc.1 ^13 

.CMOS j? TTL 4-j-LSj ajlscIu-uj ^j^j^j :<: ~- " j^ ^1 
J^JLj ^Lii* 03^=3 XOR j NOR j NAND j OR j AND 3 NOT ciLI^J ^2kill ^LJu*J1 <j| 

(jylc 4_j_Ll/j <1<3L=lL<5 j-»lj-S J I TTL 4_i^.^Jjij=ij ^^yic 4_j_L_/a <1<3L=lL<3 j-»1j-S LLaJticIL-ul UIjj-u I g i ii aJ 

Jj^ill CMOS. 4J5U jl TTL 4J5U <_yj oJL^ *1j_^ L^c,^ Cr & OR ^I^j j? <_yjuCMOS. ^jV^" 

J I * (j-a <JliljL<iVl j-jJuj LaJilc JjJljIJI ^Cj im^-b jJsljjJI oliJt L ys\y>- (j-^>«; 4-J^K' TTL j CMOS (_yV 
.diLlj-JI oJl* ^yic i^jl>o (_p.ll A-LaL^alll jjljjJI jf ?&j|j-A!l 2_ 2 a j 2 a 1,1 sjJlSJIj ♦ J h <_yJ jl ) 

j-LcTu L4JL3 CMOS j-»'j_s L«i •S^l- C - «^j^a-« «jJ^ til! Jl=jj Bj-Lis JjJljj icj_caj TTL j-»1j_s j-LqTu ^LiL*^ 

.TTL '£- LgJjjtVt (jyic 4 j i^t^ <3 I ^1*70 Lo I JUfcj I JtJV 2j_lL^3 3_SjJL1<5 2jju2j 4 thitt-ir'ia La Lc^j (JjJ^J icj.caj 









^Jiuwb- 



i^jZxj La L^iai J^-jVl £yj LaJcLka jil jlcL Dual in line J^-jVl ^ cyJu^, c^\ j 2\A^-,-,\\ j^ljjJI j^l^z 

i ♦ . jf YA jl n jM £ (^ L4I0J A (^Li 



C2 
C 3 
C4 5 b 



14 U 
13 3 



10 D 
9 =1 



C 1 

C 2 
C3 



15 3 
14 D 
13 3 
12 H 
11 3 
10 3 
9 D 



c 


1 ^ 


-^ 40 


"I 


c 




39 


ZJ 


(Z 


3 


38 


Zl 


c 


4 


37 


Zl 


(Z 


5 


36 


ZI 


cz 


6 


35 


Zl 


cz 




34 


Zl 


c 


8 


33 


n 


c 


9 


32 


ZI 


c 


10 


31 


Zl 


cz 


11 


30 


z 


IZ 


12 


29 


b 


cz 


13 


28 


z 


c 


14 


27 


ZI 


tz 


15 


26 U 


c 


16 


25 ZJ 


c 


17 


24 3 


c 


18 


23 


z 


c 


19 


22 


n 


cz 


20 


21 Z 



(Y - YA) J^lAJI 



(Jj^jJI £ys #.1 Jilul .4_a^L*JI jL-uj (jyic 3j_<iuLyj (J^=lj Cr^'j JldJj ^J2j (Jrv.jJI .SJi^J 4_a^Lc lL!LlA (jl Jiuv^ij 

(JjJ=lj cJi^aJI ^_ (_L>-J J^-l <jl '^A (jy 'i - t J La < a LaJl ^ gj m (jl Jl < ^ i^'l (j i±a <* (jyic Jul! I ^_ f-j-iluj ^ f*^J 

JJ^JL? (<jr^' cJj-^aJI 4- ) 4-LLH1 (jVj-" 6-° Sj-^Lya -^*-" J-^L^ rfU Y ♦ jM £ jf A jl V jf £ Lai L^clj 

^IZll cJi^aJI 4- J^-JJ-^ (Jl J '■"''' (jl (Ji JuL " 4- 'J^=^* J-^L^J Y^ j? > j? *\ j? A j? La} 0J_& aIj 

. £ * j? YA j? ^ "I j? ^ £ jf A Lai Lg-dj jj^— jj ^ ^j (jWj-^ ^LLLa jj^—- " ^-"j 
I^lJi^I tJLA(-r i*) ^ r,A\ ^^.i^jU i->JJti\ jl^ ^ V cc j ^jVl ^ GND J^l Jjg 

.Ljijj^ \ £ (jyic ^jZ>Ji <laL=Lla 3j-il-S al Jiielu_ul 4_!Lv 



i^SjJI A*fa2\ OiUajJI 






^iwtub- 



jJw« 


>' 

ra ra 


nil m nsi m m 


8 ^jj-yll 




) 








/ 

1 (JbJ*^ 


LU liJ 


LU LU |±J LU LJ 



(Y- Y<\)J-^J! 

.V^>^ J I V° <_,_& (jJ-J'j AjJuuJI jj.^ia i±-p- ijfA cACjJ (jll CMOS aJjLc £ys ILaL^alU j^IjJlJI rLL>o 
XLaL^alll LipljJ AjJJlII jL^ai^a i la S^ V° aJJcTli-uj L4JL2 TTL aUjLc Lot 

gji (> s^Sb ^lc Jjlj Ijl^ ....AHCVt 3 \ ....ACV£ jl ...HCV£ _, Ijuj ^jpJI ^l ^1^= bl 

jT . . . . LVCV i J ... LVV t _, ?juj i^jj-ill ^1 jL^= bl j .v° I^Uj5 aj JJu ^oici^j ^Jlj CMOS 

.vV,V I gj o A h JLJtj ^ jLJr", , „- ^gjtj CMOS ^ <> s^Sb ^ Jju Ij^a ....ALVCV* 

j!....ALSvi jT....LSvi jT....ASV* jf .... SVt jf ... vt _, fj^ i^pjl ^| <jL^ bl U 

.TTL ^>>o-a a^jjJu^^Jj^ Ijuk jLia ....FVt 

I Ji_li l_3jJLJ .lljLJL». AJ^G J I (j"^->LS- (J-° ;JJ^~~ , " i _' (*^J '-^'-yij CT^' tlllM^ ir(~ll (j-d 4_t.q-i.uJ 4_tlj_> _£i f~A? l_ ^J-- u 









^Jiuwb- 



.(>Jl>-Jl^ tiit J NOR c iLjI^j *-*-?j\ 6-° jj^— "" TTL ilSLc <j^a 4_=»oj_<i ^ylc LSV * ' ^ JjG : Miia^ 



jrJ^j^ cili NAND ^Li^ £ 






jrJ^J^ Cili NOR CjL.I^ 1 




Y 


NOT cLi^ i 




i 


jtJ^Jl* Cili AND CjU^ 1 




A 


jil j^ r ciii NAND ciLi^ r 






j^i j^ r ciii AND ^li^ r 




\ 


j^Ij^ £ ^liNAND^!^ 


Y« 


Jil Jl* 1 cili AND jryjI^J 


Y^ 


jil j^ x cili NOR ^Li^ r 


YV 


J^i j^ A dii NAND oljj 


r« 


(^JbsCiliORciU^ i 


TY 


jrJ^j^ cili XOR ^Ll^ i 


A "I 


J^j^r ^ijNAND LiIjj 


^rr 



(Y- W)Jjjl3. 

. jrJ^j^^liNAND^LI^. l^^^l^j LSOOvi U*L=itl z^ljJI( Y- X * ) J^*A11 Qt^j 




l_l l_l l_l U L_l U U 

GND 

TO J^.MI 



1 









^Jiuwb- 



.(^jL^cjIiNORoLljji ^^ji^^j LS02V1 a^l^itl 3^IjJI(Y - Y>) J^.MI g^j 




JwmjyimmjiL 



gir?L 



.NOT^LI^l ^^ji^^lj LS04vi Ual^-,1,1 2^ljJI(Y- YY) J^=^iJI c$e 

, n^i nfi [^ h H m m 



input 1 ■ 


Bfl® 


Output 1 | 


MM® 


input 2 M 


ZMh 


output a ■ 


■ < 


input 3 ■ 


■ 


Output 3 ■ 


■ 


Ground ■ 


■ 



w^^ 



^^^J 



Lii lU m m lIi Lli l±j 

GND 






(Y - YY) J^lAJI 

.jrJ^j^^ljAND^LI^ i ^^ji^^oJIj LS08vi U*L=H1 ;^1jJI(Y- YY) J^=^UI j^ 



m r*i a e ryi m m 



1A Inpu 


m 


Bfli 


IB Inpu 


a 


B 


1Y Outpu 


m 


iHMRsi 


2A Inpu 


E 


■ 


;B :i 


m 

H 


■ 




(Y- YY) J^lAJI 









^Jiuwb- 



.J^ij^r ^liNAND^Li^r ^^^n^^aJij LSlOvi Uol^-,1,1 ;^ijji(Y- ri) J^^fi ^ 




Jf] h h h H m HH 


3 




t> 


I 


^1 


U LU LU L±J LiJ LlJ LlJ 

GND 



input E 
: K\ 

i q 

(Y - TDJ^lAJI 
.Ji.ljust ^liAND^LI^r ^^ji^^oJIj LSllvi aal^-U g^SljJK Y- To) J^^tl cx-g 



1A[ Input) ^^H 


■ vcc 


IB (Input) ^^H 


■ lC (Input) 


2 A ( Input ) |j_|^^SS3IM 


|lY( Output) 


2E (Input) ^^H 


|3C( Input) 


2C (Input) ^^H 


|3B( Input) 


2 T ( Output ) LiJ^B 


|3A( Input) 


Giro LU^H 


| 3¥( Output) 




( Y- To) J^xAJI 



jMWMmmiBn 



rm 



.Ji.1 j^ 1 cili NAND jryjl^ ^ ^_^ ^Jlj LS20vi Ual^-.U ^1 jJI( Y - XV J^.MI j*^ 




( Y- YDJ^lAJI 



J^MMMMJglJsl 



ET 



us 



WlWlfF 









^Jiutfb- 



.Jil j^ 1 cili AND jrO.1^ ^ ^jir-J jpJIj LS21vi Ual^-iU 2^5 1 jJ!( Y- TV) J^,t,tl ^ 



J^imj^jnuniUgijai 




ET 



nfi 



1M1EWW 



( Y - TV) J^All 
.J^Ijl*Y ciliNORciLl^r ^^j^^Ij LS27vi a^l^-,1,1 z^ljJK Y - YA) J^=^iJI j^ 




JMMJWm 




WOMfW 



( Y- YA) J^xAJI 
.J^l j^ A dli NAND oljj ^ ^^ ^Jlj LS30vi a*l*y,tl s^5IjJI( t -ri) j^aji ^ 






r^n f^i nn rrn m m m 




D 


















h 






l_l LjJ LlI LlI LlI LiJ LlI 

NC GND 



(Y- Y<\)J^iJI 









^Jiuwb- 



.(^juscjIiORciLI^ i ^^ji^^lj LS32Vt Ual^-,1,1 s^IjJK Y- 10 J^n.MI u^j 




fi ryi rji r»i ryi m m 



(Y- iQJ^.t.tl 
.(jrd^J^^liXOR^LI^ £ ^^^i^^JIj LS86vi Ual^-,1,1 s^SIjJK Y- M) J^-,,MI u^ 




JRMMilLRDLmJ^ 






n±riinininirLLrtLr 



( Y- M) J^,t,tl 
.J^j^r ^liNAND^^^^Ij LS133vi a*l^-,U s^UI( t -tv) J^~,ti ^ l^i j 




^mflimam 




lMWMl«IW 



(Y- £Y)J^iJI 






s C, B A J^Ijl- a^s ciii AND XjI^j High gpji ^j^aj tp- .^ 
S C, B A Jil j^ a3^3 cili OR ^.i^J High ^iJi j^=a ^ .Y 

t^jLxu Ji-jJI <j^=LJ LaJtic NOT 4j1_jjJ Y £>it/s (_yic BjLiVI Jl3-j1 .V 

A=10101110110111 

:jj;^-ij LaJiic B,A (>JL>-Jl^ Cjli AND <jI^l! Y 7Tj^>JI <— il i>>n 2JllmLuj Jlvj! .1 

A=101011111011 
B=lll 110000010 

:SJL>. 2_ B A LijiiijLa ciii NAND oijj ^i ^ ^^ii j^jl .0 

A=1010101010 
B=1010101010 

S Y i^jLxu r>i»JI *-* C, B A Ja^ljbo 43^3 cTj! J XOR AjIjj 4-LlLv JjJl>- glTu-ul .1 

OR , AND Ju^Luttl ^Li^Ji a^i^ B A (jrJ^j^ cili XOR oi^J &*[^=d\ s^l jJi j^/\ .v 

SNOT 3 
:<ju^_C, BA jiU* 43^3^1 j XNOR ^.i^J Y ^jj^Ji ^ ^.jii j^i .a 
A=10111011 , B=10001000 , C=01110111 







^ 






a^jjtjjtjjut 



Logic Combinational ^uu*a^!^!jJD! 



o 



a 

o 



o 



r 




Logic Combinationalluu4*iIlji^JLJl iuiiji _iyaJi ^Jjuwb- 



( ^ItAjll o jjt L&iic. L^J-^* 1 -' Cr 1 -" 2AA^-> "II j^ljjjl (Jjj^ajj 4^jju3 .V 

4 «^-n.. j ""* 4_J_)LcJ 

:3d£L4l JjL«$JI 

4_JuaJI cjLujJlI!! 
:3Jb-jJluUlh£4 



Logic Combinational!***!!! jil>JJI 






^Jiuuiib- 



4_jLa-C j! Trj^Jta Cr^ 1 (J J ' a ** ^ ' L>^>*^ ' ^-*J lj'^» t ' *-a cHj Lj l_5_«J 1 oJui (_Ljj*ajj ajj ( ^J^~' 2 JuvjJI oJui ^_ 

.(Ji^l JlaU B^Jt^ta *uJ2 (j-C 4^>uL) 4-Llsl^j 
J^LiLLa jjljjJI (j-a p-jJLJI ojui ?TJ^- jj^— j 4_n-LaArJI 4 _. S La x 1 1 jJsljjJI ij£ 2_ Ji-JiJ L&JLc J-t^aj»J,l BjjIjJLs 

.(>ajj| £ya 4_La^»J mj! 4- J^-l-J-U J-^*^ 
L^iic J <^-»JH <JljLJLaJtJI (jjtflj L^-^ Cr^'j 4_dLaL=Li!l jjljjJI (jiaJtJ Liiajl 2 J0-3JI oJJb '£- ,_£jj i_3jj-u 

. 4_LJ_l£=3jIi] I JjljjJI 4 U , „lj J 

jJsIjJlII (jiaju j <J1jLJLijJI pjj-aj <— 'LiLajJI <_; Sj ; a J 2j A ,", II ^ , u A a j j A ,", t I j ^jjLSJLI j ?-jLLaJI j x_aL>JI jjlj^ 

: Adder jaWISjjIj 

(j\j <j-aj 4_AjCit«3 t_al Juil (j-tAStl! (— iLaj-L<-c-U 4 A h ^- 1, 1 tljL>JL*J,l <j_a \j ~'^—> <_j_c3j.ll J~JJ.' o^~ ' ll ci'-^ 
1 W>j 1 inn *_a^>JI Ijuij ,<j-\_j_)L<j <j-t-aj2j *-«jv 4jlpr j3j_na*^ijl 4 t*-> , nl^j Li£.ljj>.l ajj <_P-3' 4_xjLi. u - > JI lJi-sLIojjI 

: JuJl»l1!Lj (j^J 4_jjjjLjiI <JliLJLa-C 4jujI <j^a ;JJ*^~ '"'_' 
Lj Mir * (J-^Lsu La <— ♦ = ♦ + ♦ 
Lj^Ac ^ JjiLu La <- > = > + ♦ 
Ljj-^ \ J JiLu La <- ^ = ♦ + \ 
L^ic Y J^LuLa <-\«=\+^ 

Half Adder (J**J! ) J^jil ^a.^M ^aUJI 

(Slim) £-caj>J,I La-& (J^jjx. (jr Lajuj (Ji-I Jill Jiic <JA-j-iL<j <j-i^J2j f-" 1 ^ 1 ?3^i 4_Jiia_La 2jj!-i (jr 4 

( V - \ ) J^xAII 4- j_^^ jj* La^j (Carry)(_L^jJLlj 



2 
A S 

B C 



(T- U J^Mltl 



Logic Combinational!***!!! jil>JJI 






^Jiuwb- 



: (JT JLi!l (JjJl^JI ^_ Tc-tisj-a La (JILa ^ a La-Ill *_aL>JI ^-jLJta CjJ)*~~ '"' 4-2jLu±]| 4_jj|_ii(JI *_«^><JI diLJLc£. (J^L>. <j_a 



A 


B 


Cout 


s 


♦ 


♦ 


• 


♦ 


♦ 


^ 


♦ 


) 


^ 






) 


^ 


^ 


) 


• 



A-t2iaJLl I ^jVjL«JLI ^-Li-LLi-ul Jj^-— ■ i ' JjjLjiJI 4jLjJL>JI (JjJl>- ^_ yz-u2^X\ (j Z,s\',\\ *_/jL*Jl! (jr SlajJLI f.\ 1 ^1 (j-a 
.J^jJI ^Ij^La 4. JljJ^ (Cout) <>>Xlj (S) t*^! J^UJ 



S = A©£ 




c = ^# 





( T~ Y) (Ji=xAJI I§_ Tc-Jsj-a j_& La JlLa (jr flj^aiJI «_/jL*Jl! 4ju^jHJI ijjt\ jJI ^LlZL-ul J! i^-SjJ La ' J^-*J 



Ao- 
Bo- 



^D> 



-o S 



^_> 



-o C 



(T- Y)J^,t,tl 

Full Adder u \*-,l\ ^L>JI 

J^jJ,! jji 4-L^i J^^° V l^tl J-aL>J' Zjjb (jl >* 1^H £-*L>JI 2 J^^ 3 <_,tn<~i'<W £-«L>J1 Bjjljl jrU 

: ( X ~ X) J^~ 1 ■*"" ^ 7=_ti3j^3 j-& I o-=3 ( ((^j n ) J^jLiJiJI 



Cout - 



(Y- Y)J^ill 



Logic Combinational!***!!! jil>JJI 






^Jiuwb- 



t^Lail ^U^J! 2_ aJLUI SUj.M.tl oLUaJI J}U ^ 



1->A 


O^A 


0^ A 


+ 0^5 


+ \^B 


+ 0^£ 


+ o -> c,.„ 


+ o -> c,. B 


+ o -> c in 


01 


01 


00 


4'4' .y 


•J^ .y 


■iX s 


c „ f 


C 0Bf 


Cout 


1->A 


O^A 


1->A 


+ 0^B 


+ 0^£ 


+ 1^£ 


+ l->C iB 


+ l->C fa 


+ -> c,. 


10 


01 


10 


•J^ .y 


•J^ .y 


-W .y 


c out 


c„„ f 


c„„, 



11 


10 


•J^ .y 


nI^nL- 5 


Cout 


C^ 



: CT i^xJI «_aL>JL (3-LClIIj ^yJbJi 4JLJL>J1 JjJ^ ylTulml I ;M ^— a L 



A 


B 


Q„ 


Cout 


s 






















































































(1"-')JjU* 







Logic Combinational!***!!! jiljdJI 






(giiuuif 



o T^itiL 4_t^sL>JI 4-J.sL*J,l ^-Li-LLi-ul I '" ^— i au , o Jj^jlJI (jyic j^=>j-} jJ Ljji JjjL-uJI (JjJlj>JI {_ys Ll! •»■ ' iajj 



(^OUt J)j.a-*ll 4_u_u_<JL> Lai 



C out =AB + (A® B)C in 



J^-i Mill 2_ (JILcjj (J pJI j ( _ y l^aJI *_aL>JI 2jjI^ r«-<-uj (j-a I m^-i <n 0u t J O (Jj^jJLIj £j^>Jtl (_yJ.sL*-a jj<? m 

(V- £) 



Cjn i 






D— 



(r- Dj^tAii 



Logic Combinational!***!!! jiljdJI 






(giiuuif 



(r- o) j^z^ul^jIi 

A 2 B 2 A! B-, 



A B Cj 



J_n 



A B Cj 

C ut S 



T 



A 2 A, 
B2 Bi 



S 3 



ZD 



S3 02 S-| 



.Jj2-Di L«-iij t j-C- 1 '^* {ja I '^_'^ (J^=xjj (^LiiJI jjulJIj , A2A.1 L«_iij t j-C- 1 '^* {ja (Jj^il jjjlII ^jj^— '"j 

( f - 1) J^-i ifaJL TcJsjJll *_aL>JI aJLJcTliuJ CjLJL»- I £yi (j^j)^-~i a ,jj_SJl*JI (jL== I il 



JjVl jjuJI 



j>m jjuji 




jiodij** 



(r- 1) j^ Ati 



jji^JI Jj^U- 



£>iJIJ*r>. 



Logic CombinationaliuutaUl jil_jdJI 






(giiuuif 



JjVbjuJI 



\ 



A4 B 4 



■ <LfljL-q]| 2jjI JtiJ Tcj-LajJ j^i^a!( T - V) J^— ibll ^ La «J 

ill JJuJI 



^' 



A 2 B 2 



Co 



T" 



X 



X 



c 3 



Cy 



c 4 — ' ' 
(MSB) s 4 S 3 S 2 Si (LSB) 

(Y- V)J^U1 

<GL». (_£| ^jlbta (jl (_y-*J t JUkj A4A3A2A1 :<_ 3 -&J <4i->L-£ <-^Lb cr^ 1 L^J^^ <^LjL>- 1 £y» <Jj^' -5Jl*JI (jj) ""-»"'_> 

. ^ jl * Lfcjl JiILa Uji J_ Jit-alb <JliLJL>JI !jji 
. _D4_D3l32-Di '.(jyJbj '^'-^ CJLlf (jyic ^jH>o (JLlLJL^l £yi I liaj I (^LiJI JJutJI ^jj'^— ■**'_' J 

+ ) Y :a_iL*£. (^jjj jl Lojf |j| Ml*^ 

*^ <) = A4A3A2A1 jj^/ a 
^ * * — Jj4_D3_D2-Di CjJ^~~ '13 

(jj)""-! a (Jj_SJlC J-^>- ^jlof Jjj^"*-' (J! L^J-^ cP"" aJLoI "--i'iJII jbMjjJI (_paJU al Jiielb-ul Jl Lb (j^JjJ ba I juij 

.iljLJb>. 1 (jjo I g *( a JlvIj (_|=i 



Logic Combinational!***!!! jiljdJI 






(giiuuif 



.LgjvjLjtaj I gl>-l Jua < a P -tcjz x_a 2j_il Jul (J- u - a ^aJ I Jljjj rt-g-ai 4-*-tis 




Carrj Output 




(T - A) J^xAJI 

(_yJtjlH (jyJLC Vt YAV C.^ £y5 (jftjjj I J) A I JlJcTli^ I l_uL=^al_L2 (jjjJ_L=I I H^l^ Jjjj (J jj I jJJ.SJUlJI (j L=3 I il 

jjk La (JlLo 4JL>. ^ "I j I «J1)LjL>- A (j-a I a g La Jjvlj (_^=J j>j^=uj (j-OJ-C *-«J>- I Jul ^— i au I Ju=Lji •*■ j i ajj 

.(r - >»)j ( v- ^ j^aVi^.^^ 
e s e 7 e 6 e 5 /\ s /\ 7 /\ 6 /\ 5 e 4 e 3 b 2 b 1 a 4 a 3 a 2 a 1 



Co 



o 8 o 7 o 6 o 5 



(X - \)^r„\\ 



Logic Combinational!***!!! jiljdJI 






(giiuuif 



~T 



Subtractor £>Lkl! 

a I JlJcj-uiU (_$i) LL& (jj=Jj 4_u.'>-a 4_2jij_Laj *-«^>- 4_j1a£. Jl L^Jb^cjj r-j-kaJI 4_jjLc£. #.IjjvI ^j^~ < a 1 1 (j-« 
£ys <jL>- (_|=3 (jL^ < ^4 £ ■J ' (*i«Jtj ^J>" aI JtidL-uL ?"J-^J L«s-=3 (^1 Bj-iLya 4_2jj_Lij rj-LaJI ^"""i <ij(?-jLLaJI 

.2jjL>J,I 4_jL>JI £ya (_3^LlLuj| 4jUr CjJls^ 4_La T-jjj.Lai.l £ys j-i^sl 

Half Subtractor u n ,*',]] ^jLkll 

(Difference) (Jj-^l L»a £j-j-».jj>. ^ La «3g (J^l jJLI Jiic (jajjLlj (j^-*^j tj Lsj aj-Sj ^LalaJLa 2jjIj <_j-a 

. ( r -u ) j^xAJI 4- ^=>a ^ U=3 (Borrow) SjUiu^lj 



_Lo 7" J )h.i ll 


M 

s 


H S 


D 


jjjjl 






7- j jh.-ill 


s JLaJ uaV 1 



( ^"" ^") (J_9 lJl ^"(J' ^T 7=-^=>° J-* L- 4 (J^ 5 (_,rtlrV(ll 7-jLLiJI 4 <?_!<?■>■• (JjJt^- lj_^ 



M 


S 


D 


Bo 










* 


^ 


) 


) 


) 


♦ 


) 


* 


) 


) 







(T- T)Jjjl 



Logic Combinational!***!!! jiljdJI 






^Jiuwb- 



?:jJ»J A-iiLiiU CjVjUII ylTolml £ 



J^jJI a\jjJuLA 4. JljJ^ (B ) 2jUlu,Vlj ,(D) j^ill 
: I j^-i » (jj)""-^ 



£>=M©S 




B =M\S 





.(V - ^ Y) J'^— ■ iuJI 4_ 7=_tisj^J jji I n 1 ^ , (JT jLua_<JI y'jl kail ■* j S La 1 1 1 isjJ:! jJI r«-<-uJ <j-o I < *» ^— 1 <a ) La 1 Jufcj 




(r- u) j^xAJi 

Full Subtractor ^^i^J! ^jUJI 

:(r -1f) 




(V- W) J^xAJI 



Logic Combinational!***!!! jiljdJI 






^Jiuwb- 



( V - £) (JjJLjJI '£- £-ju3£A j_& La JlLa ^l-^-ill r-jLLaJI 4 ?j?">- (JjJ^jv (jj^—ij 



M 


S 


B, 


D 


Bo 



















































































(r - i) jjji 



:^L U-S= C7 J^=JI ^-jLUI ^iJ irfW.U ^V^LUI g |-,r,,,,l 



D = M05©5,. 




fi o =SM + B i {M®~S) 





£ys pr i>i~j La jji j c 4 j 7i t-i i t, I (JliLI^JI al JlJcIujjL ( _ y l^aJI ?-jLLaJI iJjJsl .5 r«-<-uj < CjV^L«JLI £ys I il^-i <n 

(r- u)j^aii 




(X- U) J^-,Atl 



Logic Combinationalluu4*iIlji^JLJl iuiiji _iyaJi ^Jjuwb- 



.^Li!! JJl»JI L_JL_u *_a Jj^l -SJl*J1 f-A^O f-*^>- 4_lL<U1 Jl rj-LaJ1 4_lL<U1 <_j3j.uL.JI Jj-^O 4JL__»J1 _L 

. C7 L=xJI £_aL>J1 Ua-J^ c -_-__J1 £jLLaJ1 ____. Jj^LTtU ( -r 1 0) J^,~,fl ^ jti_I_,| LUL___Ai 
J^____U <L___b 4-ajLJeTn.u.U i2jj_LaJI (j a^J ,(_>_Li.ulj^»JI j 4_uiJ2jJI 2 n kWI (_,__.? _L i La y'^W j JuaZu La t jufcj 

I_L__>L j-a^JI 4_Jl__. _J! £>--JI LJun iJUJI jub 4- J^ 2 ) • S Complement'^ _-jL__1 ^Ul jf 

lit ^lla .TtjLii! Juvlj 4_3L__>1 (<u S 7-j)jJ__U <_J_b J-= _y-U jl _y^— g (jyic. (_ 7 1^<J (jyjLl!! J->^— II 1 JljjS _)l 
t^j -_u (_£ JJlj JusJj Julj ♦ \ ) * tp-*^ ^ (jn^-ir j_4 O -rjj La 1 1 ^l___l *>_c_ll ?■ j '^»J*^ = 1UU1 _)-_= 

<jl^j (Ji-I Jl^j JlvI ;jj~~ 'j LaJ_u_ .yCOK- <_jLI^j (J^Li* £ja y~^j La 1 1 <JliLlu (j ■■-— "~ 4_lLc_i •»■ ' ^•■"" J~~ ' "'^ (j-«-2 
(jn^-ir i_£jL_u XOR AjI^jj ^J - *" Cr-* 1 (J-*--- >,J \-^^2 £">--" ^~ > " ^~ 4-L>J1 j_fc La J!La ^ ^jL-u XOR 

J>L>- ^y 5 ?■ '^""'°> JLviyi £_L__-J La! (_j..^«tlj • rj->Jt jj"^,' ^ J^^' u--= 'M ) V_^ cr^' J^^-t' 
.LSB jjj jl 4_m-&i JSi c_-_J A-L^alJL * <j_^=j 2_.L*J1 _L lS^'j Qn = ^ 



Logic Combinational!***!!! jiljdJI 



^IVIluLaMILuj 



^tfutfb- 



\ 






FULL 
ADDER 

BIT 3 






ph> 


B 

Cin 




/ 


S 














\ 


A 








FULL 
ADDER 

BIT 2 


CoUT 






DL> 


B 

C| N 




/ 


s 
















A 








\ 


FULL 
ADDER 

BIT1 


CoUT 






pl> 


B 

Cin 




/ 


s 














\ 


A 








FULL 
ADDER 

BITO 


CoUT 






pl> 


B 

C, N 




/ 


s 


/CO 


NTROL 










Control = 1 



Co, 

s 3 



Control = ^ ^ 



(r- \o) j^lAji 



Logic Combinational!***!!! jiljdJI 






^tfutfb- 



Digital Comparator &&ji\ ^Uil 

(2ft3Li drV ^^-c -SLsol (_p»j-iJ (JaIujUj ij\jjue^=i^ (_£jl JiILa 4JjLiLa 2_ 4"irtjUj (Jj-*j3 4-£aJ2j Sjji-S <jjLH 

. (2ft allseja j] t 2ft^j- L1 - u - (J4P'-'-"' U^ J^ L) 'J^^ -1 '' O"'-* C^i[~=> I jl La ^jLitl (Jjy j*"'^^ '' 

JiJ JlU (jj)^— i" LaJil£. ^ ^jLxu TjJta LjJ Jj^ljjJI aJl£. AjI^J jl ,XOR 4-jl^J jl 4_jjLl!1 2Jlvj]I I§_ Lblj JlU 

.( V - \ "\j J^~ ' '"^ ^- Tc-tisj-a J-* La (JILa Aj^LtxLla (Ji-I J-U ^JJ^~" '"' LaJiic * (^jLlxljj 3 a D ie a 

JioJIoLl. vr -i Jiuflobj 



1 Ji-j^Lb 1 ^^ ^ Q JioJI^b, 

(r- n) j^lAji 

) j^~ i tlil\ ^- Tc-tisj-a j_ii I n' i ~~' (2ft-^ Lr^ 1 3 4 *' a Lr^ 3 L^J-^* 1 ^ (1>^^ LC ' ^JjLaJl 2jj=uaJI (ja»j2-i (JJlL-hJ (j> » J Laj i •■ ) 

.(V- W) 



A ■ 
B ■ 



Ai 

Bi 



3D 




3D — >-q 



(2>a f jjil I J-A U^ • ^ M (jLgL-uILa jI^JulJI jL== lil La ^Sjjl^j ^yic XOR <^LI_jj aljLSeliul 2jj=l2 LiJJiJ 

(J-=3 j>J^=uJ < 2^-^^ lC - tlft-^ 4-JjLLcJJ t 2ft-^J- a (jr^ 1 L^^-^* 1 - 1 *J^'-^ (WAAaJ LjJL=»_aL <JjLaI,l 4_dLc-C (2>c Juj-cU 

j| (_£jL_uj , (2>aj_L=3l <Jj^' CjjJI (jL=3 lil La Leg-La Juvlj (J=i Jju rjLita V j , JlvIj Cj.) £_ya I o g i a Juvlj 

( Y~ ^ A) (_^=iAJL £=_tisj-a j_& La I juij (jyJLMI CjjJI (2yJ jJu^al 



Logic Combinational!***!!! jiljdJI 






^Uttb- 



A 
B 





^jJ JjUaJI 

Comp 


A = B 








A < B 








A > B 



( r- U) J«=nA1l 






A 


B 


X 

A=B 


Y 
A<B 


Z 
A>B 


^ 
^ 
^ ^ 


) 




(r- o)jjj^ 



X =AB + AB = AQ 
Y = AB 
Z = AB 



Logic Combinational!***!!! jiljdJI 






(gi\uuif 



.( V - \\) J^lAJI 4. z^l jJL c^jJI ujL^ 1 JA^ 6^«j <i>LJI cjVjLUI ^j 

A o- 



B * 




(X- )\)J=^A\ 



(jj^-ij LsJiic ^ J I High 4_JU~ I2_ U_&Juv? (jj^-ij TTjLito Aj^Lj Cy lc <JjLHI j-i'j-S (j-a f>"-" '^* L^i^*^ 

^ui ijus>( r- yqj^lAJI^jj.^i^i ^jutJi^jjL^! JjVi ^juJIjL^ 1:4 \ ^jL^ tUiiai ^iai 




(V- YOJ^xAJI 



.CjLu 1 (jyic I $ '< a Juvlj (_)=i i^jIlxj (Jj^Jl£. 4-JjI rt <n SjjI jJI tfjui <*i-^ 



Logic Combinational' 






^tfutfb- 



iJLKll tf^A4_J^>U < B=1101 jjulJIj A=1001 jjulJI ^jL^ ojj^ Jllo ( X- Y>) J^.MI qr^ 
.B ^juJI (j-a j-<-i^> I A jjuJI <j! ^ju U_4 High ^ji^tl 4-uj^j l£J^' >* A<B ttj^JI <ji 




(T- Y>) JgauSJI 

^■jUai ^ "oLj *Gt J^>U .Ukuajj cL-Li^ ^HC85vi ilal^-.U z^l jJI ( r- YY) J^lAJI^jj 
JlcU jii\ 3 A>B in ) j A=B in ,(A<B in ^jUai ^ 2j^l jJI ojus> ^>L>^ A>B) j A=B ,(A<B ioUIl 

<JLsLLl!I JJlC JuJlcj (jIsjjlJ (jyJlj (jjLLa *_a (_£jljllb (jjLHI ^Juus^s AjusjJ^ AjvLjV I jufcj 1 j Y j Y (Jj^j^l ^_ 

.v rr 










10 


COMP 












4 o 














A. 13 


74HC85 










A a 15 












JiJjd! 


|— 4 
3 
2_ 


A>B 


A>B 


5 




6 


Hvcc 




i-JLnJtl 


A=B 
A<B 


A-B 
A<B 


H A3 Input 


7 


14] B 2 Input 




|13|A2 Input 






fit,— 5- 








|12|A1 Input 






e,^^ 








ill El Input 






&.-J4- 








10 1 A0 Input 






«% =3 








H BO Input 


















gnd| 8 








(Y 


- YY)J< 


^AJI 










VI 











Logic Combinationalluu4*iIlji^JLJl iuiiji _iyaJi ^Jjuwb- 



Decoder 3jauJI Jia* 
,J^jJI cjLlJ 4_l^s 4_4%pJ High ^Lc ^ji^ ^j-^ 1 4- *L1^! _^> Decoder ZjJAll JJbt* J-l^-Ij f ju^ 

(j-o Y JJlCJ (CjLu N (j-a j)J)^"" <— il m^j3 ) JiJ jJLl ijja N JsJlC ^yic Lojac sjJA!1 JJbta l£>^ <-^-f J-f 
,Jj^*j (_yJI ij^Li tils 2j^l-i Cr^ 1 J'^^^ '**-* 4- j-^J-^ .tjrtMitl (JJbta J->'j-^ (j-* 3 JijJl*-!' tllLuk .r-jUtil 

I juk (_,!£. (Jitaj I jj -igj M<f -sjlc Ji<w Trjjtl High (jyiLc ^jTa-a* J I 2_jjlJi!! cjLlJI ^ UxJlJI 4_i_j£=j3 
sui^-.n j^ljjJI j^if ^ . Binary to Decimal ^j-AjlII J\ c^LzJI 6-° Sj-AAll JJbt* j^IjJl!! <>j £>Ltl 

T^ita 2j_ili£. Ci-i-uJI <j-lJ (JjO i La "■ ' JlvIj Kj^- liJLlA ;JJ^~" '_' 4J 2 1 01 DeCOQer ' * ^ "I (j-U (j^J ^ *j a "■ 

High • jjl«Jl! i^j-.1aJI ^>>JI <s£juxa 0^=^ ji LJ-ijl lit . { j J Jn*i\ ->ju<JI Jj>L»j ♦ ♦ ♦ • c^^' - iJUL ^ <L>J f^ 
.( T - YY) J^lAJI 4. ot^jll JjVl 4_4^UI ^| jl^i^I VI LuLc U^ • • ^jl_^ J^jJI <j3^ UjJ^ 



Logic Combinational!***!!! jiljdJI 






^tfutfb- 



o H>— 1_ 




0000 c^LiJ' jj^ii j^^^ 



oH>- J " 
o H> — 




0001 t^si-aii jjuJi 




0010 c^lilljjuJI j-Li3^ 



o -[>- 




0101 ^iflj^i. 



o — [>— 1_ 




1001 c^Lzil! ^juJ! j^^^ia 



o H>— 1_ 

1 r 

1 




1100 ^Lill JJuJI j-jA^^ 



o ->- 




1110 c^lili jjuJI 




1111 ^^ ^' 



( T - YY) Jj^lAJI 



jj'^— • " TTJ-^a ^ *lj JiJ Jl« 1 till j 2 JlvIj 21^1^—",^ 2jjl_S 2_ Ji-jJI C^\-ljl~=>j^i} aJjaJLI j^ljjJI ojui l_L«.q.>. lit 

.(V- ?YY) J^xAJI 4- T^J-a >* L« J^ 3 2jj|jJI oJlA 



Logic Combinational' 






^tfutfb- 





BIN/DEC 

1 






2 






3 






4 






1 5 

2 6 

: i 






















10 






11 






12 






13 






14 






15 





(r- ivr) j^,t,ti 

(jj^— ij'^ LiLL_u oL^=0 La (jn^-ir HC154 V i SjjI.5 (_Lu^3jj lUliipa (T - Yi) J^— i Mill £ljl3JJ LaJ= 

^jTli.u.U 2_ j-utc a-i-oaAJI rjLsell (jy^L jj^-i'j Low (j^rtV (t,l i^jlu-oXI 2_ Ji-jJI 4_j_j~=pj cjjjiLlII rj^>JI 

(JIiLI^j aJlJcTli-uJ Lot I jui (j^i-*^ La .r-jUtil ^jTn-u-a ^le, AjjjI jJI (JLiLa^Lst-JL *-_ti»jda j_& La I JUk High ^LftJt 

.AND ^Ll^ cy* Vjb NAND 



output o rr 

Output 1 l~2~ 

Output 2 HT 

Output 3 l~4~ 

Output 4 Is 

Output 5 [s~ 

Output 6 pM 

Output 7 [8~ 

output 8 nr 

Output 9 RoN 

output io [TT 

Ground R? 






X/Y 



1 


3 1 

3 2 






2 


3 3 






3 


3 4 






4 


^ 5 


^ 23 


1 
2 
4 
8 


5 
6 
7 
8 
9 


3 6 


/I, 22 


3 7 


/U 21 


3 8 


4, 20 


3 9 




3 10 






10 


3 11 






11 


3 13 






12 


3 14 








13 
14 
15 


D 15 


CS r o 

CS 2 


& 




3 16 











(V- YDJ^.MI 



Logic Combinational' 






^iwtub- 



:BCD Decimal Decoder £>&aU BCD>d^w>ui« 

J3-ajJ1 o-aj-aj J=> JAc^ ((Oj Binary Coded Decimal (BCD(842iAj > .raAJI 4-jjL£]I - bj JlA1\ 2_ 
Y i A). L^ljjt ^LO c^UU. ^ujl ik^ 1, 8, V, 0,1 ,4 ,T, Y, >, • ^IaJI 2j_Ji*J1 

.BCD Ajj-ioaJI 4_jjI_(1!I CjrtMitl 4J-i , nl^j *\ J I ♦ ^3 Ajj-ioaJI J>1 JlC^/1 JAcJ ^yJbJt (Y - 1) JjJl^JI 7=-J^JJ 

. 1 of Decoder ^ * ^ * £jru <j-« ^ *-lJ ZjJA!l JJbta ^ pjJJI I juk ^^JLc j^j 



ijjjkjtl\ JJjlII 


( AW ( C D B z^i^i! 


♦ 




^ 




Y 




Y 




t 




o 




1 




V 




A 


W . . 


1 


WO 



( Y - 1) JjJirv 



BCD 2j^Li ^1 J_^o ^JJI HC42V1 i J j L Al\ jl** s^ljj CT ikill >jJI (Y- Yo) J^.t.tl ^^ 




An 


15 


BCD/DEC o 

1 
2 

1 3 

2 4 
4 5 
8 6 

7 
8 
9 


Ai 


14 


A 2 
A 3 


13 


12 





( Y - Yo) J^lAJI 



Logic Combinational' 






^iwtub- 



BCD-TO-7 Segments Decoder fl>iv jijA^fiLfi j\ BCD >3jiiji*« 

.pjjJI I juk £ys Bj^Li (_)1><I (_, (7 t-i '< t, I j-aj-J' ( "^ ^) J^~i Mill jctiajj 



BCD 




7 segments 



( x - n) j^xAji 

. LOW (jia flJeJ ^ Jl^v L^aIc- jj^~" „' L-aJtlc CjJl^o 4.11 * aJI jl <LLa laill ^-jUtll (jl J^— iSJI I JUk <j-a Jij^^ij 

.2jjrtMi"itl tils CjLJUh £ys pj-iil I JUk 2_ ^i^ii^cViU ^lal^-iltl j^ljjJI £ys LS47V* 3jjljij_il*j 

.sj^ljJI ojijj nUiU j^ajJIj SjjIjJI J^j! Jj-^J 3 Jaiaitya ( T ~ YY) Ji=LA!l ^^ j^Iaj 



ps]vcc 

I fis] Output f 

I fl4l Output g 

I Fnl Output a 

I fl2l Output b 

l flT| Output c 

I Rol Output d 

[ IT] Output e 





( T - YV) J^xAJI 



Logic Combinational' 






(gi\uuif 



.( T — TA) J^~ ' tlA\ T^jusjji jJb La (JluJ (__)I3jjl!I 4_iiLi *_a ij A ". 1 1 (JJbta (J-li^o^j 4_j. 



, 7 segments 



BCD 



^\AA^ 
-VWV^- 



d 



( T- YA) J^xAJI 
(jJ^. Low a.^rtVia ^34>. ^jS (^ (_L^u»o L0U2 ♦ > ♦ ^ =A 3 A 2 AiA BCD Sj^Li 5^ 5JU. 4- ^^ 

( -Y Y S) J^-i ."ill £c_ii3jj L gj_ J i. t JI rft^jJI (jloj^i (j-a 4_iiLiiJI (j^-i <n La I juij Q j C j g j I jet T^jUtll 

.4JUJI aJJt 



7 segments 



^\AA^ 

-WW— ell 
^V\A^- U^ 



Q^a^jatJ) 4jojUjj 



(V - Y<\) J^xAJI 



Logic Combinational!***!!! jiljdJI 






^tfutfb- 



Encoders ulji^l 

l£j pLLMj a (_£l j rt i"i I, I (JJ-=»«J .dil^ rt i"i 11 Cj \j t « a a jl <Jli^iJbta L$j ^J-23 (_P-JI < J ' h^~iaJI 4_jjLaJuLj ill |j a i"i I, I AJ-S3 
Lbtj (jjJI LJUaJI (J-u^lC IJlAj ,BCD J! j! LjLu jaJlh r^ J I }Lla jjjfxc- JJul=3 «LL^IJl^j JijvV Ja-iu 

• <-li|j a ("ill 1^ ( (i A a *_a 

BCD J| ^^A*]| (> j-LUI 
3-*jj!j V 8, V, 0,1 ,4 ,Y, Y, \, * ajj-iToaJI j>«j-!l Ji^ Ji-I Jus Zj *if, (_,!£. <_ )lj-<LM,l <j-a pj^JI I Juk i^jj^o 

. jjl>JLI JS^JlaU BCD 2jJ.(." u JiUj ^jLita 

BCD. Jl (^gj-cu-tJ I ,j-<5 j a ■" 1 (jr SlalI,l j_aj_JI ( T - V * ) J*^"* 1 -"II Ttoisjj 



J^u 




(r- roj^.t.ti 

OR. f-jj (j-a 4j(it-i ia (JliLl^j 4 t-i uiljJ <LJLa-*-!l i>J-& i^-SJj Cr^' «j-jI jJI ( Y - X\) J^-i Mill ^jl^jj 1 o^-i 

• U • =A3A 2 AiAo g>*JI 4- ^^ *j£ High "I ^j Ji-jdl jL^ lit 4Jl *>jI jJI JMi* <>> Ji^M: 

"I. *J3jJI Lj>(-"o£. <J-iL*J (_£ jJlj 



Logic Combinational!***!!! jiljdJI 






^tfutfb- 



"n_ 



;^^ 






o- 



£> 



o 



a> 



-o/l, MSB 



(X- X)) J^xAJI 

tfjufc JjG .SjjIjJLI (jr lLalll j-ojJIj flj^ljJI J-u^jj JaJait/a x_o HC147V* «jj|j ( T~ TY) J^lAJI (>_u 

JSJjJ.! qjh .sjlc. (jL= lit I Juk (^yiju LLlJI aj>!jVI ^Ij^il *-* BCD J I ^j-julJI ^ j <? m< a <_,!£. ajjIjJI 



Input 4 [3D 


■Hvd: 


Input 5 H^B 


^^Hezi] nc 


Input 6 l_U^B 


^BLuJ output 1 


Input 7 LaJ^B 


^|Li_'l Input 3 


Input S LiJ^I 


^|[llJ Input. 2 


Output c bJ^B 


^|LLi 1 Input 1 


Output B Ld^B 


^HLild Input ? 


^ ai 


^HblJ Output ji 



( X- XX) J^xAJI 



Logic Combinational!***!!! jil>JJI 






^Jiuuiib- 



MultiplexeruLJLuJl ^SLU 

iijsia lUjU^ jtij (j-a lLS- jLpi~1 jl ^Lzijl L4JI ^3 ab fij^lji (_ylc Multiplexer cjLjLJI £ ; a i£>^ 

.4JL-ujl (__)13jJl! I Juij diLJLijJI ( _ ? -SILLa r-j^ita Cr^ 1 L ka-= ,,, -^ tilii 4_jjv^jj ,4_l«^3j <J1jLJLjj J.SI uua ^jjo 2-Sjlj 

(<U (_pJI dsLiLtA! JuvIj ^jJtaj cIjLJLlJl! (Ji-I JlII (j-a _SJi£. (j-a tljLiLijJI ^ 2H i a (jj3^~>"n _ 4 t~t mm U 4TiA.lu3 I§_ 

(jy ic jJsljjJI ^>Jui ^^IL>iJ jLllvI jj ^1*^— ■ >i ' (JiJ J_a jI 1 La j La >• 4 La 1 ul^J ^.LSIbVI 4_jJLc£. *uj Lj-Laa- jLllvI 

cTjULlJI Lai jLuil Lul^iaL 4J? cLajvV .j^ljjJI <>a ^i!l I j^J 4_Lu^ la^oj? ( f " TV) J^-> m.11 £-^JJ 
.S A^ircl!! JaS. 4U,„lj. 1 JlAjDi Ji*J-U ^^JLc SjLvljlU lillS jl Dq J^jJll <_,!£. SJLsJjjII 



D 0- 



D 1± 0- 
S 0- 



^>■ 



CH 



3>- 



(r- yt) j^^ti 



cjLSLj jlvIjjj i_aj^oa S=l 4_!L>. £_ La?D J^jJII <_yic ij^ljlll cjLSLJI ^LZul *Cu 4JL2 S=0 <jL= lil 

.cj^JisI o^j j>o jcvlj jLii»o <GVto-l- y Multiplexer Y)x ^LJI ^20* <>o ^iJI Ijla ^^ jlLaj 

to-1- i: Multiplexer i)x ( ^oULJl Cy zii a 



Logic Combinational!***!!! jiljdJI 






(giiuuif 



ojjt, ^^>Z to-1- i. Multiplexer c^LiLJ I (jr sn* Zj^IjJ (Jr akiI > l >ajJI ( T - TQJ^lA?! 
S^. j Sq ^i^TfcH]l lLsjUW (j-U^jLaj Y cjLjLlA! r-jJtaj D0D1D2D3) (oLJLuil (JiJ j-« £ ( _ y l£. ', 



■f*3i 






CjULnJl J^Iju 



5 

5 1 




1 


MUX 




D 









Oj 








D-j 


2 










n. 


3 











' ^Ynall £ ji-(Jl 



(r - ri) j^xAji 

r l SHJVI <LJLc£. i^-Sj jSo 't-.jU^.tl ,, 

.1 ^>iJI Cr^ 1 ^J^'^J Do *-LSjJI f<Cu 4JL2 Si = ' J So = *(j 
.Y T^-iJI Lr^ 1 *'^*-tj3j Di ^LSjJI j<uj «LJLa S^ = * j Sq = ^o 



.1 ^>^><-!l c?-^ 1 o^^'j^j D2 *-LSjJ' r*jj *LJ^ S^ 



J ^o _ *u 



ujLI^ a^uljj Mux(4 x(^ .-.r.L.^y.-.t s : aU;ti ;^| >ti y^aU-.ti .UU^ti ( r. re) j^ *j| 



£» lit 
= til 



c-^ie 



Logic Combinational!***!!! jiljdJI 






^tfutfb- 



D 2 o~ 



Soo 

Sfo 



W> 



(T- 



Yo) J^lAJI 

to-1- A: Multiplexer A) x (>cilJLJl c ,S";« 
(D 7 j D 6 j D 5 j D 4 j D 3 j D 2 j Di j D (LjLLJl! Ji.1 jlo A Cy k. cjLjLJI Lt ZLL<5 ^ gjjl\ I Juk (^ji^o 

I Jl&j Si So S2 -I <-l)l m^—ij.3 j! CJ^LaloJ A ^£. Jij) u^>J\ 1 m^-i <n rt^~> ->o tlajtrv. V <LIa mljJ <Ll Jij>>^iJ 
.^=xrtl!l Jajlai. JJlC Ly l£. V Jjuj JiJ JlU -}JlC ^^JLc A JJlj 4j_}L*!1 0J-& LrJ i2 ,A = Y (j-o JL=jfoj La 

(jl 3jjI jJI (2a=^«iJ ajJLL-uj. HC151 < '* 2jjIj (_Lu^3jj iU!^i-ie^i j ^ rt t-i '1 1, 1 j-aj-II ( Y* - Y*\) J^-> uJ\ tcJsjj 

Low (j^n^^ia ^jl^t^j Enable V^j <_L>jJ1 i_L^>j3 



Logic Combinational' 






^tfutfb- 



Input D3 | 

Input. D2 | 

Input Dl | 

Input DO HI 

Y Output H 

¥ Output Is 

Strobe [T 

Ground [IT 




Enable . 

So 

s 1 


7 
11 


MUX 




10 




s 2 


9 




4 


5 


Do 
Di 
D 2 
D 3 
D 4 
D 5 
D 6 
Dy 


6 


3 




2 




1 




15 




14 




13 




12 









(r- n) j^xA]i 

. Y 2>^-J' cA' 1 "'J^'j^j Do *-LSjJI r*jj 4_JLa S2 = * j S^ : 

Y -rj^>S\ (jyic oJlvIjjj Di ^LSjJI *uj «LJLa S2 = * 3 S^ : 

Y ^>-i<JI cr^ 1 <>^?*'.3^j D2 *.LSIul rfCu 4_JLa S2 = * j Si : 

, Y T^iJI (jylc £JlvI_j3j -U3 *.LSjjI ajj «LJL2 S2 — * j Si " 

Y ^_^>JI (jyic. ^JljvIjjj D4 ^.LSIul <~u 4_JLa S2 = ^ j Si : 

Y ^j-iJI cr^ 1 "J^'j^j D5 *.LSIul (<uj 4_JLa S2 = ^ j Si : 
,Y ?rj^><JI ^ylc ojuvljjj Dg ^LSlJl *uj 4JL2 S2 = ^ j Si : 

Y ?rj^><-JI u^£- ^JljvIjjj D7 *.LSIul (<uj 4_JLa S2 = \ 3 Si : 



3 So = '<jL=> t^i 
3 So = ^uL== 'M 
3 So = '<jL=> 'M 
3 So = ^uL=> 'M 
3 So = '<jL=> 'M 
3 So = ^jL== t^i 
3 So = *<jL=> 'M 



3 ^0 



: VjL^s lil 



Y gj±X\ oi^ sUilXI olJLJI oLb ^..^>^ jl oLJLJI Jo*^* (^ Jj-uukJI LoL=^L> 4J1 Jiuv>U U=> 



Logic Combinational!***!!! jiljdJI 






^Uttb- 



Demultiplexer uLJLu)l£)>« 

Multiplexer. cjLLJI Cr SiLa iJL^. jA*t Demultiplexer ^LLJI £j>a s^il j ^>S3 

.rjUtll £ys .SJlCJ JuvIj (Ji-jLd (jyic jJsljjJI £ys fjiJi 1 Jl& 
JVL = Z . (JliLJLijJI (j flj '' a x_o (JL>JI (jL=3 La (JluJ p g Lu 



.(j-^j-ita cr 1 -*^ LaM— Z (jba (jo-lj 



daiO ,N=1 uL= li! 

.^-jLi^i (^u LaM=2 2 =4 jU (p^^ilJ 0^.) ,N=2 (jL^= ! j| 

.M=8 L^ ^^-i-teSii (j^o 1,1 jjLUi ^j^ 6^ (fv^=x^; eL^r) ,N=3 <jl^== lit 

.M=16 l^ ^==j*x\ p^ai ^juai ^ jU2 (f^=x^; cL^d ,N=4 jb= lit 

vjh ^..■-.r.lM^t s : aU:tls J < tl..tl (y- YA) J^=xAJI CT ikill >jJI (Y - YV) J^=xAJI ^jj 



1-T0-2 
DEMUX 



(Y- TV)J=xAJI 



E<^ 

So- 



> 



E> 



( r - ya) j^.t,ti 



H>D ft 



-oDi 



Logic Combinational!***!!! jiljdJI 






^iwtub- 



Jl Y jlo»$]I Ji-jJI ^ 3 j^IjUI cjUiLJI jjjjj ^L <GLa S=0 <JU. £_ <G? ^2klll lj$\ jJI ^ Ji^}G 

.Dj gpJI J I Y J^jJI ^Lu ^jjj cii^^ S=l <JU £_ Lofj . D g>itll 

DEMUX(1 .Hi ijl^ ciLiLJI ^ 

DEMUX(l.x(i .-.r.i^frjjt s^u-.ti z^j >ti (r - n) J^^ll ^^ 

(j^t-i-^j D3D2D1D0) (ttjUc-Jl! lLsjU^ <ajj!j Y Sjjiyi J^jJI hjIjL^ 'U-^ Cy ic fjjll I Juk l£>^*j 

Si-j S fv^=x^il I Ji. I jlX 

Ko 



-o D 2 



(X- X%)^r,A\ 



1 mL^ lil 



Do- ^>^' Cr^ 1 Y(_)i>jJI CjLJLu pjj3 (_3j_^ S\ = * J So = 
Di- ^^>Jt cr^ 1 Y(Ji-jJI iIjLJLu pjj3 i_3j-lxl2 Si = * J Sq = 

D 2 . rjJ»JI c^ 1 YjS-jJI cijLjLjj fjjj t_aj-^ Si = ^ j Sq = * <jL= 'M ! 
D3. rjj-JI (jyic Yji~jJI <^jIjLjj fjjj i-aj-ma Si = ^ j So = ) <jL=> lit 

DEMUX(1 x(n n jp ^ ciiLuii g-j,^ 



Logic Combinational' 






(giiuuif 



cii:i^l^j^iJL>.4.L^jLi B i^L 9 jLic.HC154Vt 2 J ^|jJ (jr ikiil> J J! ( V- I ♦) J^AJI ^jj 

DEMUX. 
j D 3 j D 2 j D! j D ( cjLjLJlJ £jje* > "I j Data cjLJLjlt jl»Jj JS-j^a ^yic Sj^l jJI J.& ij^>^ 

S3 . j S2 j Si j So ^^— i-fcHlJ da^Lai. £j Y cIiIjLJl! r-jjtoj (D15 j D14 j D13 j 

HC154V1. <^o><i 4- J^J <*^J ct^ 1 J^ uy^S* US 1 2^53-3X1 aLsjVI 




52 21 

53 20 



tH 



D13 
Du 

D15 



(X- iOJ^AJI 



Logic Combinational!***!!! jil>JJI 






^Jiuuiib- 



-}JL>JU rjJtllj r S J 02 J , O J Sq #i^-i"*lj1\ Jaj)t-»-^- A 






s 3 


s 2 


s l 


s 


J j 7Ti mi 1, 1 ^itil 










A 










A 










L> 2 










£> 3 










A 










D 5 










D 6 










D 7 










A 










A 










Ao 










Ai 










A 2 










A 3 










A 4 










A 5 



( r - v) jjji 



Logic Combinationalluu4*iIlji^JLJl iuiiji _iyaJi ^Jjuwb- 



s Half adder C7 i^ui ^uji ^jii^jj^iju* j j^ ^ u .> 
S Full adder u \^\\ ^L>ji ^jLi^j J* I j^ ^j^ ±* u .Y 

A = l , B = l Ci n = : Ji-ljJLI QJ^-n LaJiic C ou t J S (jr L=xJI *_aL>J1 TTjLita r<uJ3 <_,-& La .V 

A=1001 ,B=1000 ^U^-Highj^z^^jJijjLsii^^U .£ 

4_«j2JI <jl>oI jiic jLls 03^=^ <s'^\ Decoder ijo,w\ j mna r>j- jj> La .0 
S A 3 , A 2 , Ai,Ao ^J^i j^ ^ A 3 A 2 A 1 Ao=l 1 10 

,_Lwl ji* jj^>" Lajj^i 7 Segments j^j^- 4-^LA! *M»;->tl ^ij^-Vi jl aJLaAJI ^jLkJLl ^ La .1 
s 1001 : ^jL_o3 7 Segments jj BCD <> SjJAji j_oA* 

S Multiplexer £jLk*j JiJj^a _>j^^i La .v 

5 Demultiplexer ^jii^jj^iju* jjlc^a u .A 

A=l , B=l , Cin=l : J^ljdlj^=^LajJ^ CT i£=xJI^L>JI 2: jLka ( _ ;TJ J> La .\ 

^iLi ^ LuSUj^laj ^oJi ^ISjVi Ct a La , 7 Segments jj BCD &» ijAA <aaa LljJ.i ♦ 
:^iLi]L^= jiljdi e^L^= La ni^ 4. 7 Segments 
> • n n m = A 

^UM«! = Ai 

A 2 = 11110000 
A 3 = 00110011 

cjULJa D 3 , D 2 , D^Dq Ji.1 jl^j huj ji Multiplexer cjLLJI CT 2iia ^ ^ CT ^ La • \\ 

Dq = 1,= Di ,0=D 2 ,\ =D 3 JiwIjJLl U_5^i3 LaJiic S\ j Sq A^x^tli! (j-Ui^J-aj 

*5 Si = l j So = (j^^xjj 
«gLLj jii j_a jjui jj^" LaJiic Multiplexer cjLLJI ^^ -^^ ja^i^. ^j^ ^ La • \y 

s 64 i^jL_uj 
LajLi^ cjUL-JlJ Ji-j_a 128 Cr J^i j;±*»j. Multiplexer qJ* 2_ oUL ^jji J^jd! j_* L»* >r 

5 S6S5S4S 3 S 2 SiSo = 10001 1 1 :j«^=L5elll j^iai. 4_<ijS o^^" 
^j=l»lIJI lLsjU-^- {JJ)<--~i~ LaJiic £j-=za J-2, (jyic i_£jIb>o i2jLLijJ*I pjj-a (_L*0 <jj-^ Kj^ l£' L?"^ 1 ' ^ ^ 

s S4S3S2S1S0 = 01101 






4-Ojt ,,,tl A_U,jJI A-^lUJLI 



^ 



3 

1 










Flip-Flopsub^l 

. La ^i j -: ■ ^>" 1 aj^HI 

T, JK, DRS v M2Jl uji i CJ _i .^ 

<-.! >\t Sll g j A 4-LlL>JI Jjljia. '/j^— -j" -V 

^LajJI cuLUkiqi ^ .V 

4_JujlJI cjLujJlI!! 
:3Jb-jJluUlial4 









^iwtub- 



j-Ju lil 4JI ^ylAj La , J^jJI fj^c JlaIaj U^J^ <jL== (jr^'j /J^^jt"^ J-^J^I ^ju'j-^ eJ^yi 4- L-y'j 

^jJkJI o^=xj j^IjJlJI (j^s pjlJI I juk CtJ i2 . Sequential Circuits^uLnJI jl i^UlJI jjIjjJI a^J U-ile. 

.SjjI JlL! JJjL-oJI TTJ^JI (jyic C^jJI (jiirt't 4-i <jr'^* t " J^*^' Cr^ ^Ul.«.a ZjjIJlIJ <j-1L>JI 

SET iU mi rtl Mgjj-1-oXI jl x_Js^JI <JLv ,jlj rt"iMil (_piL>- (jyic. m^jIlxj j^IjjJI £ya f\y^\ '^* ^U^l Ja^^LJ L^=3 
.^-LL*j rfuj cP-"*- lt^!L>J1 £y* <£\ '4r ^^Lill ^^mj .RESET «_Js^JI B^Lcl 4_!U~j 

S-R Flip-Flops Xi»l>wj{dll( S-R ) ub^l 

.S-R t-j^Lflll (JT 2la_(i,l j_ajJI ( -t ^) J^— ■ iHJI 7=_tisjj .(j^>->^3J £yt-L>.Juo iljl j fij-j'-i <j-« S-R <_j}L2JI ;JJ^~ '"'_' 



(£- DJ^All 



2 = 2 = 1 jL=, lijj 2 = 1 jlflg = o^== 'M ^' ^ . W^u l>^===^ 2 j 2 O^j-^l uj^ 

. jrUgl mm a I g Mi^-ir-j ^jlit-iia 4-c_jJ2 QS) i ~~ '" <j' (j^'"^ 4J^? ,(jU ill ^vLJ (j-« I J^>- *s-g-« j-«l I juij , 

obl_$j il*^!^ iiiliJIj NOR c^bljj U^.Ijj JjVl ,S-R c_j}UiJ 0r*3>Sb < 1= y ) J^ 1 *» H j-^jj 

.NAND 

^^yic juil»3 ^LsJI rj^><JI <JLv (jLa LSjLji cjj^ai Lcf= S-R. <_i^LL!l (JiLiu < ^j^~i (c^aJ <j' u^' (Jjl- 56 ^ 

.( c_»>UJI 2_ jjJt* jL^= U ) JjLJI £jU\j ^UJI Ji.jJI 









^iwtub- 




( i- T) J^,t,tl 
j Q tX = Y XjI^J! J_J j_« jf Lu 2 r _! = JjLJI £j_kJ! o-==j « = 0j 5 = J_J j_U -_->L___ I Jl 

.2 = 1 Jlt^jjL. 5 = 
3j_>l jJI jlj S_ > ill Jl»jj ajLjJJI _?_ L$_*.j_>. uj """",' (___]! ^ *_aj 4jI_^-Jl! ^)^L^Jl<5 jl-*-^-^ R = ^ Q = 1 j 

• 2 = 
/? = j g = j^l £_l^u .2 = iJUJI o ju_ _f_ o^=o , Q M =0j fi = 0j 5 = Jd^i ___>L___ I Jl 

■ 2 = 1 :j\j ?"n nVI Juu L$jvj_>. (jj^-ij ^^l ^ rf_2j 4_>I_£jJJ (j^L>- Jl<5 

(jaiiij _i_ ?r j i oj (j JJIj 2 = <jj)^~ 'j Y f*^j ^?'>^' ?>*■ ^^ ' 2f-i =0j /? = 1 j 5 = 1 <Jbti! 4_i.ci.uJL La! 
j Q ?rj-><-JI jj^-— _' (jl jji-Lw^ji. «G^? jj U '< 1 1 fj^ «_« (^LZb Lj I jukj 2 = \ *_aj 4_>I^jJl! <Jio c___3jJI 

S-R. <_i^L_JJ Ljj r^.uLa j-t£. R = 1 j 5 = 1 (_UVl J_U 4JL». (j^_=aj tiJJjJ .,jL^L__la Q 4__x____c. 

ojuk (_|=( -* r ) J_==u2JI t=-^jj .4_SjjI_JI (Juno _?j-^Vl JiwIjJLl <_j'_ , U~ J-==lI 2jjI jJI (_LJ_>-i 4- J-^'^i 









^iwtub- 




;•) 



Lb 






£3, 





o ? 



(i- r)j==-iii 

:^L^= NOR cjLI^ U^l^ u^=Jll S-R ^MiJL. OLlUI ^VUJI J^= ^^13 lil£ub 

. ) aJL>- IL. <_j^LUI r>>- (jj^-ij S = 1 j R = j^^aj Lajiic - 
. • iJLv 2_ t-j^L&JI Trj-i- jj-^— _' S = j i? = 1 jj^--_' La JlIc _ 

.5=1 j 7? = 1 <JL>JI f I jLJel^l l;;^^V- 









^iwtub- 



(i - \ ) Jjj^>JI 4- r '^>"'j La 1 J^& j 



5 


tf 


G*-i 


G 


oLk^^U 










^ 







1 







RESET £_J=yi "oLcl <JU 


1 







\ 
1 


SET j^yi iJL* 


1 


) 
1 




? 


L^j y-j^-mja j-t^- 4-JL>. 



( £- >)JjJL 



. NAND ciLI^JI U^I^S-R^MiJI ^Iju^LcJ L^f l;;^<n 
. NAND ^LI^JI ^k^l^. S-R^M2iJ s.sU:ti z^ijjij CT ikill >jj|( £ - i) J^^tl ^^ 

O 




( t- DJ^xAJI 

. NAND cjL.I^JI H^uu\^ S- R &> {y> ^L>La 









^iwtub- 




1S1 
1S2 
1R 


4 




2S 
2R 


7 




3S1 
3S2 
3R 


9 




4S 
4R 


13 





( i- o) Jj^xAll 

Clocked S-R Flip-Flops iwljltl ( S-R ) ub^l 

«_a 4_LaljJLa ^lla j3jjj o^-i 11=3 La L»-<iJ2j LaLtaJ (jj)^~>" <_y-5l 4_jjiJ2jJI jjljjjl (JJ)^~i" ^jLp-^M (_>-lc I I§_ 

Clock. icLtxJI -"'I l^xJ <-uj\ L$-Jlc j^** La LJLc. jj^la -i-spj (JLiLJui a I jljcTu-uL (j-alj^iJI ^jUr jj * **•"" 

'£_ -^j^y* j_& I o^-iRj S (J^-^^aIJ AND (J-^jjIjj iaLisLj I juij 4JbjL*Iu (»J-SJ ,j-aljJLa S-R <_!^L<ill (_)*^><-! 

.( i- -\)J^,t,H 








(*-^J____JI 

lU1_a3 - __-_q L__= EN=1 -V-JI jyj^b __]_j ENABLE ^^ol iJU 2_ ^M-JI J_>. L_L___«b 

.EN=0 _a>_l juj^b __]_j DISABLE 

Qj^-iJ EN=0 J__j Rj S JiJ JlaII c_4-i.-fcTLL.ij 4J? ,^^-j La kLs__J 4_!U* 4_ c_j>l_JI qj^-m EN=1 Jl1_ 

.^LloJI <_JU* 2_ L __x ii Rj S _U*I Jl*U culj^ij ^V Ju_a__J ^Jl_ :___ _l «_j}L_II 

._Valj_tl S-R <_1>1_JI 4_L_JV JjJl». ( i- Y) JjJl>JI ?=-<l_JJ 



EN = CLK 


S 


7? 


Q 


G 


) 


• 


• 


iJUJI 


Gh 


) 




) 




' 


) 


) 




' 




) 


) 


) 






* 


x 


X 


G f -i 


Gm 



( i- Y) Jjjl 









^Jiuwb- 



Flip- Flops Triggering ub^l^iS 

L$JLa iloljHil cjL}L2J1 La? r>iJI 4JU-j_lJu Jl i^-Sjj L^a Ji-jJI cjljLil j_l*3 ilalj^il j^£ cjL}L2J1 4- 

tii! jj .4_Lalj^il diL>L2JI 0J.& Jaaj (jj «LJjJu (^JlJIj 4-^i (Clock (j-alj3 Ji-Ji^)r-Jil Ji-Ji^ J I rLl^j 
JS-Juo (jlc djja\yi) £-J3 4 i>yi\ f.\Uc[ (<u Vjl J^JlJI CjljLit »lt~K-| ilolj^XI diL>L2JI J-l<-.Jj Jiic t_^>o 






( £ - Y) J^lAJI 

:( £- A) Ji^AJb Ui^= O ) 



( i- A) J^lAJI 



ilaljILtl ob^LfiJl 7-OJ3 Jj^ls 









^iwtub- 



.CK 



: ( i - ) ♦ ) J^-i uJb *■ 1 >i"m L*~= 4_JLji 4^L»o ?- Jua 4 r^t m ♦ Y 



OCK 



( i- Wj^,t,tl 

.4_JL-u 

4 ''■*•'•] ^^LiJIj 4_±>wj^j 4_tia_uJ (Jj^l , (j-i-L^j^- o-R jj\j^Lai 4-LflIaJLll Jj^jjJI ( £ - M ) J^~ i t!oJl Tctisjj 

4_aL>J1 j| 4_JLa]l 4 t^ult t-cAJeTLcuJ <_!>L2J1 jl CT icC 4_cL-aJ1 J^JlO ^yic Cjjlit^W fijjl jjl Jjj .4.JL-U 

4 f | , .J l 4_*ia_i_(J 4 Jl , ,,] \ 



s 



Q 



■Q 



Q 



(I- \\) J^,t,tl 
CLK. i^LJI BjLiV i^^ll ^L=tU «-'Jt"""J m^ 1 u> c^ J^ ^ c J ^- iLjtJI J^^ 1 ^ 
^ic L-^L^lllI rjJJt £lt-.r V CLK lLa-mtjj r-jLSJI 4_JLa£. CjJl^o *u VjI Rj S JiJ jJU J^J^i («U <LJLa 

■ Q 

<JliVLv (_^== 2_ (j-dljJLa S-R <_j^LaJ 4_uvj_a 4 tiajJb 7-JiiJI 4_jLc£. *u3 < ^J^~i ( i ~ \X) J^~ ' "'N ^-^Jf 









^iwtub- 
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jLa cjLiMUI ^LJ a-^oIJL Lai ,lL_^ JjVl <_i}Lfii] C icL^I J^Jl« ^^ J^Jij CLK icLJI cj! r^y 

jj "—i" <JliLj^LiJI (_)-== jl iia -w^ij I 0^-1 . LfliL 1 11" (_^iJI <JliLj^LiJI rjLje_*j aIjus^a jj^-i" U LjIcLji (Ji^J^a 

Lr i£. (j;j-l>o V cuL^LflUC icLuJI Ji^l jl^o jV ,CLK IcL-oJI ■"■! -^/' 2jL>iV i^jll S_aL>JI jiic 2 U ,v. 

. CT AJI ^ JjG ^pJI 4^1 jJI Jl^nAVl 
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m£JJI -SIJljlI] (j^JJ-H cklaicll ^yic Jji^-kJI (J I (c^j Y) 4_2jL-a]1 SjSrttl 4- olULila mJ jJI JJLselll (j 11 (i't mJJiJj 

.(0 - £) J^xAJL %ji3jllj Q2 J Qi j Qo ^jLta djl ji <jiiL>1^ ajMj ^ifi. l$>^*<j 
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^iwtu_» 



4_UI__<s <jl ^L-tJ L4Q2 J Ql J Qo ?:jL_-a1! C-VLv A <____ (^>Ib»«J __L}1_) 4_j}_S <j_a (JJ^-MJ _1 JlC - 

A. ^jLcoj Modulus 

.V_Jl*JI _yl*j L-« JlvIj (_>___)l_> (JjjIjlII j_* j I tax I » j Laj i uj JJlC ^ ___! ~~ 
_J_c _;f <____. (_£>I^»o (_?--"- -' J-c _;! Jl 4_*jaaj _) ^<n t___> V j C^j Y __l_l J_*JJ 4_._ci.lIJL oLblj Lo J--= 

.__LM__!I ;> <__-=_** 
j_ _,-__ _Ijlc <____ (_;>->o cP-^i LS93AV1 ^L__=__U Sj_.1j_J c _____lL1 ______i.l ( o- o) J_____!1 7=-*->jj 

I j__>j A 4_Lal_La _y-l— - _I_L__=_ 3j_.I_.JI £___> ,aj_-r" _u_ ,jl L__L_=_.aLj 4_jl (J______!l (j_o ___v^ij ._jL_u 4-ftjjl 

BjjIjJI <>j__. ^ 1 j_*__J I r<^<n _____ ,Q2 j Qi j Qo £j-=-ll cA^- 1-?^-*^ <_5»-' ^->L>}lJ_ 4ii}__l ^1 j_^_i__L) 

- c __il___I\ <__}___] C __L_JI JS-Ji*-! Qo Jj^l <— i>i_JI rjita Jj__.j_j I j__j (<_j_Li 1)^1 4±a__<s _y_L_ _!___=_ 

.(_£j____ _l j_t___j 2j_iI jJI a I Jl-—Tl_u I L_)l____<5l_) «L_ T L__vV i^j-L—u I n— ""■ 
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{Decimal Counters 2u>«*)luWJUdl 

JiJl^. i^Ij Y _sl JljJI I JUk £jLJt* <J1iVLjv _SJl^. (jl_3 CjLj^LaJI ^ N J>Jl^. (jr ic i^J-Ib'O jl JLC (jL=3 lil 
^£ j-tl JJulII uaif 4_Lo JJsl JJ_C Jl J_*J jl Jl^. pj-i -^" LoL=^jL N Y) .0 ~ >& pjl <r-i-w| .}! Jl*J1 «-JalmJ 

■ pjl Ir^wl jljujl (j-==LAJ 

^jJl^O 4_iLa (^j-AfcJI jljUtl] A-1-..ailL) \ N Y) ~ j_& ^<^<\a _}JlC '^«' .CllLlMl 1 *ljLJelt-ul 4_!L». LrJ i2 

8, V, o,l ,4 ,T, Y, \, • )^ M i*JI ^UjSU 4_j5L£II jIjlcVI J^Lu ^JIj 4^jUa MOD10 ^VU ^ • ^k. 

w^ ,w« ,-m ,«u« ,« v^ ,♦>♦• ,'«u ,♦♦ v ,• * *^ , — 

(jt JljjJ LsJU* l.UU (jj ^=aj JsLS -SJ^c i^qta <JLil_iL>. i jt <jliLj>12 i Cr ic (^jI^j j>I Jlc Lj jiiol lil 

^ ♦ ^j_3j J^L*j ,.5 1 Jul! I ji i^>" (j! \ < fsJaj A-t^-JiJ ^JJC-cuj tlL! JJL2 ,\* *\ (J\ ' ' ' ' {j-a jl <\ Jl * (j_a Jlju 

.WW ^LzJI ^jmJI 

ijl^J Aljjr"i ml Jl 4-JvUJ1 AJ I" i m" JiIJlaJI jjrt <^" ^ > ♦ > ♦ igjLiuJ jUI Q3Q2 Ql Qo rjLstll jj^iolt 

CLR ,j^5lj_iaj_<_c. (Ji-jJlL (J-t^sj^j L^vjJto (jj ^~ijj Qi j Q3 prj^JtlLj ^-L*^ 5 ^- I g !->>l Jlq (j^=lj NAND 
.jI JlaJI ^L^Lj ob^UJI jrjUta J-^j^Vi Jl ^jjj U_« JUujVl ^L>}U]I <> J^J 

JjjLijiJI J-jJUslJIj d)l jt-i + 1,1 (jr lc (jyJ-J-a ^j-aljJIa j-;A ^j hi£. .il Jl*J ^ rt t-i i t, I j-aj-JI ( 0~ 1) J*~» uitl 7=_Jsjj 
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MOD10. ^j-^ji ^ijuJi^jUa^jJicLi^ai ( o- v) j^, ,t,ti ^^ 
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■ ^gj-iTa.tJI jl Jl*JI (jyic Lfel '(?jU ^^Jl 2jj=ul!l ?-LuL> I JUkj J-aU-a (_£? cr^ 1 l^J-^i -^ JlC - t* J < ' '""' I : ''l ^— ob 

Synchronous Counters ^LwljUlubLUdl 

■ "■I tiaaj 3jl_<iL> 4_Li^?j^ C L^iL^LJa (jiiLcLiJi Ji-I Jl^j J^j Lj^ jj^~- " <_pJI cjIjI Jl*JI <_,_& iLoljHtl cjl.il Jl*JI 

(jl cla -N- \> *t .,j-A_>^lJ2 ^y-lc (^jJL>iJ (_£? lT^-J ji (j-^'j-^ 5 Cr-*'— " -^' Jl - c - ( ^~ A) J^— iSJI ^--iJjjj .CLK 4-C.LlxlJI 

.CLK icLxJI diLiajJ 2jLil Jl Ujjtiaju *_a ii^aj^C <jiiL^LiJI (JiJ j-a 
.CLK itLJI tnl,\.;t ^jll ^UJI Jl <JUJI ojus, 2_ cjL}UII ,., JT ",,„- 
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( 0- A) J^,,t,tl 
•Qi=0 j Q =0 JjSI jCbVI <G]U eJU^ ^JJI ^Ij^ll jl judl I jla JilAj <_2^ c$\ ^jH 
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^iwtul*- 



j Jo=l JjVl ^M-iJ! JiJjus j'^ Q =0 jj^_> ,1 ^j CLK ^LJI 3 ,\,;t i^^LI ^UJI jj^ - 

Jl_ui <LV Qi = iiL^JI 4J1JL* 2_ ^ ? ,/g ^Lill c_j}UJ1 ^-jJ^ Lot (^LmJI DUJ1 „^r )K =1 

I Jl^_jKi=0 j Ji=0 ^LJI c-jM^JI J»l j^j aLL= ) ^j CLK ^L_JI 4,\.-.t l^ji\ isU»JI J^j 

Qi=0.(_yju 4_£_>La]l sGJL* 4- ^^j^ 1-° 
•Qi=0 j Qo=l .si Jutil ^jLta ilU* (jj)^-i"< CLK IcLaiJ > a^j 4 i^,utl ^U>ul JulxS 

JiJ JL-a jV Qo = J Qo = l (j_aj-til_j Qo £>-9eJtl jLsCLK 4_c.Lu.al! Y fLSj 4 i^jitl J>J-aj Jl_ui- 

jl^ 4_ft Qi=1 J!Qi=0 c^j^i *-*£ Qi ^Lill i_£U]l £jJ*a L4 K =l j J =l JjVl c_j}Lall 

jii'nf Jus4 Jl (_£-ij-J La I JufcjKi = l J Jl = l (jyJLJI <_s}L2J1 JiJj^s ClLL= Y *u2j 4 ,^m!I Jj-t^J 

.Toggle 4-L>LaJI <gJL>. 

.Qi = 1 j Qo=0 jIjuJI rjLta 4JL~ (j_^=x3 CLK IcLaiJ Y a^j 4 ,^utl *LpJl juu 

Jo=l) Qo=l (J I Qo=0 (j_a J^h^ Qo ^-stil jLaCLK 4_cl_cal! Y ^j a-l^jJI J>-«-aj j^_ui- 

jV tiLIij , Qi = l C7 1juj_uJu (jjj 4JLL_aJ1 <Ll!Lv £_ CT ILu 4J>Le Qi ^LiJI <_i^Ll!l £j-=za La? Ko=1)j 

i^L^iJ Y ^j 4" ,^,;tl *L^1 juu Ki=0 j Ji=0 cLL= Q ^iiL iL^Jt! ^LJI c_j}UJ1 Ji.lju* 

•Qi = l j Qo=l :JLj3Vl ^IjuJI ^jL^ J! ^j3 CLK 

J Jo = l) Qo = J! Qo = l o-a Ju-L-iTu Qo £>^eJJ jLaCLK IcI if.lt 1 *Lsj 4 i^ull Jj-t^QJ Jl-Lc - 

Ki=l).j (Ji=l Qo Qi=0 JlQi=l <>j^ L^jT 4iLi Qi ^LJI gpaij K =l) 
■Qi=0 J!Qo=0 L^lj^VI .OJU J} j| JljJI jjjuCLK l^LuAl i ^j 4" ,\,;tl L^ J^ 4JT J^}L 

.4jUjVl J>1 Jl*J1 dlVLv jlj^" 4_i1a£. I Jljj L&Juuj 

.(^ojJ! J>U Qx 3 Qo jIjlaJI ^jlitX t^ojJI cLi^UI (o- ^ Jg-i,t,tl j^=jj 
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(o- IQJ^SJI 
Jl-Lt. Qo=1 <J\ Qo=0 tj-^j-L^LjQp jLa .iSjLuJI 4JliLv ^ ^<- J I 4-LiL-aJI <OJLv ^ 4JlIL». j-Ju Q 

(JliLtiajJJI (Jj-i^oj Jl_lc Qo = Jl Qo=1 <j-«Qo j-L*Tug *\j V j j Y^\ aLSj^l tlllj '"'I LtajlJI Jij.loj 
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I ^j'°| (jj ^— J 2j_o J_=i j_JLLj Qi (jyJLitJI (_j^l_UI 7:j-2*ja (j! I t^aj? i La a. ^ * ) ^ * j A j "I j IjY aLSj^I CjIJ 

> *j A j "I j ijY aI\>V1 cjIj cj! i^iiill <J}L>. ^jJ^j La Ijukj Qo=0 J I Qo=l <j-aj-<-i3 sk> Qo 

Ql j-JlIj , U j 1 " j IjY aLSj^l tTLllIa CjLuajjJI Jj-loj Jl_Lc Qi = 1 <jJiQl = <j_« Qi j-jJuj i La jji ia II Jj 

) Y j Aj£ plSjVl oli oLl^jJI jJ^ Qi=0 J1Qi=1 <> 

^ C^jL^u AND 4-^ljJ gj-seja (jj ^3J LajL_Lc 4_llL>. <j_a j_<Ju 4_lLa Q2 d*JlUI <_!>L-2JI £>J»J <J (M(tL Lai 

jLi^ tilJj ojl^j Qi = 1 jQi=0 Ul> 4. J-^l^j ^JJIj Qo. Qi= \ ol Lij? ^ UKi = l) j (Ji = l 

(Jill i^iitl Jj_^aj Jl_Lc Q2 = l J I Q2 = (j_a Q2 J-J-*^ W-j^j ^ Y j Aj£ al_J3jVI Cjlj ol Lbolll Jj-^aj 

jHjA ^l^jVlolioU^I Jj^j ju^Q 2 =0 Jl Q 2 =l(>Q2j^j Y'jUji ^lajVloli 

Yi 
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«LJLaL*-a (j! (j?J-*^ L-a <-1iVLv A (_ r lc i_jL_b 4_j^A.3 ji (j-alj-lll (jy^l— iiiJI ^1 JljlJI (^jJLso l( j alj "<t I jj A q^j tV» (_p-« 
V. ^ju U_a JljvIj (j-aSlJ o}\ iri^[ j| Jl*J1 »jt-i"i.Mj JJlc ^i^! <jlj A _$_& ModlllllS 

Counter Decade Synchronous ^tjiil lslh^I ■ i,jLAj| 

Sj^AJI -»Uaj}U ^LzlJI *'2Jl==A.\ (_,_& (jj-I'j «LvjUd cjVL>. "cjJkc ^^ic ^oljlil ^j^utJI j>1 juJI (_£>^»o 
^ (_pJ! iJUJIj .l-MJI ^ ^LfljVl oJ^J cySLJiJI *2_L=m joi-b ( <\, 8, V, o,1 ,4 ,T, Y, V • ) 

jIJulJI lJUk -aJ.lTm.u .jj«i^"itl jl x_ii=yi c^Lcl 4_JL>. 4- <— ! Lj>L2J I » ■ ^" ^Jl <_,-& jj^"^ * ^ * <_T^ Cr^'j ^ ' * ^ 

(J^li" inLjCLK. icLtxJI dil i^tu; <Jl^3j^j ^=3p_.iu.a C l^vLa (Ji-I j_a (jj^-i" J - K diL^La i ^1 jiielu-ul 

*_a CjLj^LaJI r-jUtaj (Ji-I Jla (Jjj^sjj 4ji7j^ Cr^ 1 <J>^ a -><-" LuI^-i ab <J_>L*u Aj^Ij ji (j-alj.ll. I .il JlsJI 3jJ=l2 
(J-i-i^ojj (ji (jyj-*^ L-a-4 \ * ^ * = V3Q2 Ql Qo PTJ^ 6 -^' ;JJ ^-i" LaJ_Lc CjJlj>o L^JLa j_JLuajJI 4_jjLc£. Lai Lg-iiaJtJ 

J-us^o NAND ijl^j ^it^ i^aj Lajuk: obMaJlj^Luaj Jl ^jj NAND ajI^j JiJj_a Jl Qi j Q 3 
. \ « V =Q 3 Q2 Qi Qo iiL^ 2_j CLR ^LM^U iialpll juL J^IjlIL 

j| JljlII jl iJj M.ttI j| JljlJI *_iJ 4_lIc J lt-n (jJJ-J'j <-_>ljl JljlJI ^%-a fj-iJI I Jl-A ( 0" \ Y) J^ m.U 7=-^=JJ 

.BCD Counter jl^-^Ljf Binary Coded Decimal Counter LoLuj^ui ijj-i*]i 
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12 3 4 5 

(0= )X) J^lAJI 

.jil jul!I I juk cjVLv( o- o) Jjjt^JI j-^jj U=i 
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^^Ic. jljLC.4.JiUIi y 3Jlj,HC160Vt Ual^nHI SjSI I U^ Skill j "j» ( 0- U)J^a ,t,tl g^ajj 
. CLi? fijL^^ LOW i^jIl^o aU,i,\^ j| Jl*J1 J^JLt^U ) Aj3j J^-jJI (»>Sj .^yslj^o 



D, 



CLR 
LOAD 

ENT 
ENP 
CLK 



>C 



BCD counter 
74HC160 




14 13 12 11 

Q Q, Q 2 Q 3 

(0- U) J^nAtl 

3 nU-j 1 j o j ijT J^jVl j^i D 3 D 2 DiDo BCD ^*i ^l_> ^IjlJI 2_ ^IjljlJI J^*^ L_uL=E=^L 

Q3Q2 Ql Qo ^jLstll u^e- iJLsJi JuJI 4-ajJ2 j^Jqj . LOAD 2U.Jj : <\ ^2j J^-jJI (ji*. " * " LOW ^j" , ,< a 

jlj^L^VI ^ j| juJI c^^uOJ > ♦ j V J3./VI ^ "l " High ^i^JLI ^ ENT j ENP cdl^l ^jJl^ 

.juJI ^ lJlsjIj ^IjulJI jla "•" Jl 'V ^ ENT jt ENP ^^ij-tij lit .jmJI 2_ 

.0*M) ^jjulJI J! juJIJ^u Uju^ Y J! "*"<> ^0 J^-jJI ^ RCO ZjLii J^atS 
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J-K CjL^LS V <j-a jj^-— JJ (jjoljILo ^jLjj/^JlcL^sj (jy-sLo -il Jl*J 4_Jiia_<11 2jjI jJI( o- \ 0) J^— iSJI 7^3 jj 




( o- ^o) J^xAJI 
1_ LJjLo jljuj Count Down=0 j Count Up=l 4_!U* 2_ Lj^Luaj juu jI ju«JI j? J^^UI ^ ^iXLj 
jLuilj ^jLcLtAtJI jljlJI 4JU0 ^LiJI *j^>J1 1_L>L^ Lbij . Count Down =1 j Count Up=04_JU- 

J^— ■ iSJI ^_ Tcjisj^J jji I n^~^ il-iLOLaJI T^jLitaj (JSJ J_a (J-Li^ajlb 
?=_ti3^a jjk La JlLa (Ji-I jJLI *_a 4-a.ajil r-jUtil 4_j3 (_Luajj i^J-ll £$£ ^jLilJI JutJL L ys\J*}\ *j-5tl! 4_u-ai!L Lai 

.(0- n) J^n,t,tl4- 



— ^7 



( o- n) j^xAJi 



o> c 












E^ 



^Q 2 Q i Qo z 



♦ jl jljJI 4JU- r,M*=nj Count Down=l j Count Up=0 jL^ lit 



^jLUI uVKi=l j Ji=l UU^_^L.>UJI Jj=JKjJ J^IjJU Ijl^j_^j 2 2 <£ Q =ni A-g^ill 

.4_!L»J1 ojui 2_ K j J JS-IjlLLj ZLuajja jj^— " (_yJI (_,-* A-a-dil 
SL>LI\ AcLxJl! ^ aJ2j 3 >iajiJI Jij-ioj Jiic CjJl^»o liLa 

J! i^jijjCLK icLtJI 4 ,'^,,'A 4_JL^ £aU- ^1 j! C7 i*j (Ji^ =^KjJi = l LJ cjL}Li]1 J^Jjlo J^= <j? Lw 

(j_a (Jj-^e T iJ ^jLieJ.1 (J-=3 (jl (j^-*J I Jl-Aj ,4 i>> utl (Jjj^aj (Jjja Jij)«rtU <LjL-<-« (JJ^-i" (_y-!l ^jLitil A-}J2 jn^f 

£j-jm jLa ,CLK ilcLcaJL! Y ^Jaj 4_ ^J . U 4_JL_caJI a_sL>JI Jj_t-aj j_Lc Q 2 Q y Q = ill <J! Q 2 QiQ = 000 
JiJ j_* jjV jailj V L^U g 2 j g i ^jLicIl LoT( Q^" = i ) g =0 J\ Q = 1 0-* J-f*^ 2 J/^ 1 ^>Ll!1 
^j^kJI jl ^.iu I juk . [ • (j^l o^tj-^l ^Jl 4_c_ciil ^jLicIL aJLi^o ] K=0 j J =0 Ly i£. c5>1^j L&u}ll 

• QlQlQo = 110 <^=^ Y f*J *_L^UI Oic 

Jl /j _ q (^ j_l!l1j a) Jj^' <_i^Ll!l ?:j-ita jLs ,CLK A-cL.aU V aSj a -^ jill a_JLxJI a^L»J1 Jjj^j JlIc 
g^ = l u^ ) Qj = <Ji Qj = 1 0-^ 3 ^ 1 ^ 4 — ^ Qj c^ L ^ JI t_j>L_^l ^_k* <-dJ j_=j ( g^ = ) 2 = 1 

jV Q=l tp-*^ aJLL-cxJI 4_l!U- cL. Q fij-3cX\ Cr^di ^ (*~^J * uajj] A_l!L<ji]1 A_2L»JI Jj_^3J JlJU dlLtil^J 



• 2 2 2i2o = 101 ^=^ ~ ^ 4 



I Jdc ^-jJkJI jl Ijui (_yJU K = 0. J J =0 OJL= 4JL>-ljuo 

: fjL Ls ^yic Jj^ajstU eLJb^' I **-* 4- J^-^J 

• 2 2 2i2 = 100 ej^ 1 u^=e *■ f^j s^ili ^c 

• Q2Q1Q0 = OH £>***' Oi^J ° f^J 4j^UI -Uc 
■ Q2Q1Q0 = 01° 2> iJ, <J-i^^ ^ f^J ^Li^UI ^Lc 

• Q2Q1Q0 = 001 S^' ^-^=^ V (^J a -^ Ljl ^-^ 

• G 2 2i2o = 00° 2> iKJ, ^3^=^ A f^j a -^^ 1 ^^ 

.^ f£j * .%. wll Jju 4_jjL«JtJI JjJ ^— ■"" L^JjjjJ 
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o 









o 









Q 1 


1 




1 


1 




1 






o 








Oy 1 


1 


1 


1 







1 















Q 2 1 


1 


1 


1 


o 


1 



II I I I I I I I 



(0= W) J^lAJI 

Count y= Count nnw ^ ^ i aJ •„. si > .u ^i ^ ,~,vi ^ ( - d jjj^ji ^^ 

.Up=0 



CLK 
.NO 


.sljuJI TTjLita 




Qi 


Q 2 


Q 3 












^ 




^ 




V 


Y 




^ 




1 


r 




• 




o 


t 




• 




t 


<= 




) 




r 


"\ 




) 




Y 


V 




> 




^ 


A 










1 




) 




V 



( o- V J JJL 
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igj-ia^. .ilj-C (jr i£. m£J-1>o (j4-Jlj LS190V1 4±aL=Litl SjjIjJJ Cr SlaJil j-aj-JI ( 0- ^ A) J^lAJI 7=-^2JJ 

.(j_aljJLa ^jLu/^ JlC.1 lssj 

Ul*. 4-j LJjLu 6>^u jl*JI jLa A^- = 1 jL£= li! jl*JI Ula. ^k. o ^j J^jJI ^ °/- J^jdl Jju 

. b JlcL^sj (j ^=u juJI (jLa ^/- = 



U' 



jJjj . LOAD = oy^=H L°^-^ Do Di D 2 D 3 J^IjJLI (Jr JLi BCD 5_^ ^l_> jl j_jlJI J^c^ L-uU==uob 
UUJI 2_ O * ♦ >) \ J\ julJI J_^ Laj_ui Y High ^U ^^^a 1 Y ^j J^jJI ^ Mfl ^- n gpai 




BCD counter 
74LS190 



, j < 4 s*. *" *, 4_jJLaJLjl 0Jl_& / a_^tJJ . 



(0- >A) J^nAtl 

Cascaded Counters uW:l*)Ijm*j 

=>! J-aU-a Cr lc J j uajell I JUkj ^Ij-lll < jr ic Cjl.il JL*] I J-iuojj LoL=j_aL 
.^liJI ^IJlaJI ^_ c-J^l JjL JjVl jljuJI 4- c_j}L3 j^T £jJta 

t^ljlll (jlc <jj.il JlC (JjO JJ^-|"m (j-oljJLa j_J£. .il Jl£. ( 0- \ <\) J^-l Mill 7=-li3JJ 

(j.^ (jj ""-''*',' (_j l""— ^ .il Jl*JI (jl i ta a>^ J .A <LJLaL*-a (_y-*J <dLb Aj^Lj jj ^LoJIj 1 «LLaL*-a (jyJ-*J Cf^f J^ cli^' 
Cj^Lal_*-a t—ij-Js (_£jL<-uj (jr i=xJI ^1 JuJI J^jLs-a <ji jjk ^Lvlli" ml <j^-> <n La .V Y = Y 4jLaL*-a (^yULj L«_a CjL^La 

.1 X YY=A : J? tP-*^ La Lg_La jj^-— "j ijjtl\ CjIjIjuuM 



S^lUlj u54*-4lj ubldt-tl jjljj 






gJJMwl^ 



Q 



Q 

ru 



Q 1 



~L> 3 ~L 



Q 4 



Q 4 



4 _Jj_a „_: 



8 __l*_ --= 



( o- n) J-_-_-1 



(_)_>j_iJ IJl_4j __tlj__JI _ r -l_. I j __— J x_o 4_LjL=l11I j_IjJ_1I (Jj-t-ajjJ 4_re_La.ll 0j__> _)^l i**i i ul _)VI I ' 'I _ — I ab 

.2j_l±__3 _j^LaL)_a (jyic _tj___>JI 
.__tlj_JI (jyic dOD j)\ £fuj -— : _>J-t Jlc _)_a (jj;-— i"m l^l Jlc ( 0~ Y * ) J-—i -Jl £_u_jj 



CL/C •— > C 




Q Q, Q 2 Q 3 



Q Q, Q 2 Q 3 



( o- 



100 <_U*~ --: 
YOJ-----I 



c _j h uu ^j__tl _^ _! jl_!I ig-^„-,t .^lill _l j_U CTEN Ji-jJLL, J-^ JjVl _! j__J T c £j_UI _>! _^}U 

j I i La _i ' ^gjIL—uja (jyi c (_)___>_ l__i L_jI__ l-yljj • ^ High _g^g_-i _u, 1 4_L>_I oJJb 2— • La _i ' UlliJN _)J~~ 'J _)l 
c y_o La ,^jL_a_v| 4_>___-aL .SJlC _,<^>l Jl _|j_JI J-uaj LaJulc Tc £>=_tj cr- 2 - High 4_!L>_1 <>___ 4- <JL*- 
"V High 4_!U_1 j__ 4- J-*- _?>-■■-« -JL-L- J--a-->o JLJLp-3 * M) *\ Jl _ljL_ll J___j LsJl__. 4_t! Ij__ 

._jlj____l Jl_ 4- ^^4-J (_j__I _l julII _n-=-^ J! iS-l*J -° '^-*J T c -^j_s_JLl ___i 

tYY 






UUJI <?JLjfc 4- CTEN = High jV ^ ^^* ^liJI ->1 Jl*J1 jj^y ^ * ^j a-^jJI J>^j j^ ji I J-& ^ju 

(J_««ta <Jj^' -SIJl-*JI (jV 4 t-i iVtjji. 4_JLv 4_ Tc £-»*jJ 3j_<iuLuJ LkJiAjj^ Jl * (j-o Lj-iLjj .sIJlsJI £j-=za j-iJuJJ 

<\ ^jJI J} JjVl ^IjulJI J^ jf VI IU.V.Wj-lL aJUJI ojla 2_ CTEN L^f ^uu U T c e^j • ^julJL, 

I j ^— <vj .Y Jl ^ £ys oJlc a_<i-»S j-titJ (j^a dM^— ^Ij ^LUI ^1 JlsJI . U^.. 8 :." J| (_£.Sjj La ,a_jJL1!I 3j-cl! 

^.Jl <— iIj-ioaJI .SJlC J-t-aj L«Jii£. 4 U, t!uj ^^=3 (jyj^' .si JlslL! Tc £^iti1 fijL-^| tjl J-& ^"l^^^La Q^—y <IJ Lo 
LLiL-u tfLJj^si Lo I ^- iJj La I JUfcj ,\ ♦ * 4JL<jL*js jf ^"i tj La A^ u)\ * (j-o Jl*j jIJlsJI I juk jf I >Jajf Ja^^U 

. ) ♦ (jyJli!! .it Jl*JL ^ ♦ Jj^l .i!jL*J1 cj>LaL«-<3 t-jj-iis d-^L>- (^jLxu ^ ♦ ♦ l^tl jIjlaJI J-aLus <j? ^1 



SjiliJIi u5i*-4lj ublduJI jjljj 






gJJMwl^ 



Shift Registers 

aJlJcIu-uj .4_LaJ2jJI iljl_sl JutJI 4-liTuj (_pJI 4_l,i^LCl!I 4 j S La 1 1 1 jjljjJI (j^a c-j'^-^ i^ljVl (JLi^Lse-txLa j_ll*j 

.4_j^2jJ| (JIiLJLlJI ^jJJel! L-uLj<! ijvljVl Cj^LsccxLa 

.p-_jj J=3 *-« 4_11ClII ■"'! Lulalllj <jvljVl <Jl!>L3e_<-ul 4_j_^uL-u^M f-ljj^l !_y=i-»-i J .^.Atl | JlA 2_ <j-ujJlJ t-Sj-^-u 

.4_ui^jJI 4 ol^WI £_ <JLsL)LjJ1 Jjj^oj (jdj-^ ^Ji- 11 ^Lj^LdJI £y> 4 .'J^~Lp (jt-^ 4-^'j^' ^^Lso-cLa tSj^ 3 ** 

.<LvjUta J I 4liJ Jl<s £ys .sLvlj jl ajuol £ys «Uj^lU! iIjLjLlJI 4j>Jjlj (jjjjejJ Ll<-uLjJ (_L>- mU aJlJcTli-uj 

( - Y ) ) J^— ■ iSJI j 7c_tisj^J j_ii La < _L_jT U Cj-JI (jji^iejJ D pjj (j-« <_j}LJ2 a I JlJcTu-uL) (jj^iellJI 4_JLc£. JJJLsljj 



>c 



— } 
-q _n~ 






>c 



4^>U 4JsUJl 



(o- Y\) J^lAJI 

: Lg_La j^a JlJ 4_allii« (JjL-u^j (j(7-f"" L$Jl-2 i»J jVl 4_JLa-C Lai 

.( 0= YY) J^ AH oULoU ^Ij3 ^.j ^Ijj Jio ^ l^\j\ - 1 



^LiLJI Ji.jL« 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


CjULuJI ^jta 

Data Out 


Data In 


















/ 



( 0- YY) J^uSJI 
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.( o- YT) Jj=^iJI cj^LJlJ ^JIjj ^^j ^jljj Jio ^ <jvljl 
Data In ^ULlJ! Ji-tju, 



1 .1 1 1 1 .1 i i 



XT XT 


/ ? 


/ ? 


/' 


/ ? 


/ ? 


/ ? 


/ 
/ 



















Data Out 

(o- YT) J^lAJI 

.( 0- Yl) J^auSJ I OlJL^ii LSjlj3 ^j^-J (jJIjj JiO ^a O^ljj - £ 



^LiLJ! Ji.a 



^S 



,1 1 i I i i i i, 



Data Out 

(o- YDJ^lAJI 

.( o- Yo) J^-i Mill (JiiLjLlJl! (^jlj3 rj^j l£3'>^ d^-* f 3 ^*~'ji 



Data In oLiUJI Ji-lju* 

\ \ \ \ \ \ \ \ , 


• r< r« r> i > i • r> i • o 


,i 1 1 i i i 1 1 



Data Out ^LiLiJI ^jli 

(o- Yo) Jj^lAJI 
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■Ja-mt.1 CjLu JJlc I liaj! i_£-<W La I jufcj J^-mll 4_iic. l£>^<J (^JlII CjL^LaJI J Jlc 2_ J-a-.tiU 4ju-u J!uTij 



Serial in / Serial out Shift Registers 

Jil£. JlvIj Oj (_y-*J La 4_L!Llla itn^i) (JIsLjLlJI ^Ijlll rj^>Jlj ^IjUXI (_L^Jl!I ji ijvljVl (_Lie-<-cLd J < aj i uj 

Clock.^UJ! ;l^ J^ 



(_yJljia (Ji-Jj» 
















crJl>" £>** 


D 


Qo 


D 


Qi 


D 


Q 2 


D 


Q 3 


Serial In 




m 




< 








Serial Out 


CIK - r ^- 






— 




i — 











(o- Yl) J*=n At! 
2_ LJLUa 4 li^aj 1011 <JLiLu 4juj^?I £ys (jj^-iTi <^jL)Lj JLiol JuLtf *u3 < '<xjl£=3 ( 0~ YY) J^-i iSJI 7=-^JJ 

(Clk4 j Clk 3 ,Clk 2 , Clkj) Clock ^LJJ c^L^u I J>U 1 1* 3 J^Jt! 
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Serial In 



I 








D 












>c 






>c 




>c 





1 














>c 




>c 




>c 




>c 



2nd bit 



p>C p>C p>o p,o 



p>C p>C p>C 



>c 



I 





1 









1 




>c 




>c 




>c 




>c 



( 0- TV) J^.t.tl 
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^jJta ^yic LkjLvljjj 4_JLlLa aJlu^j 1011 diLJLiJI Trlj^l 4_iU-C ( 0_ ' ^) J^lA!1 7=-^=JJ Uj= 

. (Clk 8 3 Clk 7 ,Clk 6 , Clk 5 ) Clock i^LuAl ^L^ 4 J}U J^AI 



p>c ,— >C p>C p>C 



|— >0" I — >o p^ 



1 

D D D D 



C>o I — ^ 
] 



-! D _5_ D -" I 

>c ,— >c ,— >c ,— >c 






D -° D -? D 



( o- YA) J^lAJI 
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: ^3i>m ^1 ij ^Lzm >dji u g u^^« 



Serial in / Parallel out Shift Registers 



£jUe!1 {yi JJlCJ djLJL^ JLsJj J^Juo Ly i£. ^jljlli £>>Jlj (jyJL^il J^JlJI ji ^Jj^' ck e -^- a iSj^ 
CjI Lga^j £ys 4_*ia_u (_£] <J^L»- <j-« t JUkj AjjI^Ha AaljSJ 2ju>JjILa L^j^ <JLsLJ|_ijJI (jj)^~>" LjJ^L*. £ys (JJ jJI 

, Qi, Qo ?rjL=ta <jJLcj j D cj lJL.il] JlvIj Jio ^yic i^^j^i ^-**'ji J? 5 -"^ ( °~ ^) J^xAJI t^=jj 

• Qy, Q 6 , Q 5 , Q 4 , Q 3 ,Q 2 



->c 



->c 



>c 



->c 



>c 



>c 



->c 



->c 



Qo 



Qy 



Data Outputs 



Parallel in / Serial out Shift Registers 

uj ciiLjLjJI rlj^l I u^a^j L&juu , Load J^JJ Jj-*^ < '\n <_)}L>. <j-« e^ajJI » h\ 4- J^lJJ I jla 

■Jjfc-.-u.U «Liic. l£>^»<J l£ J^ <JliL>LSJI JiJlc (_£jLcu icLJI Ol tiaqj .SJlc J}L». Oj Jlsu 
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4_T\I alia CjuLuU 



Shift/Load *. 



JiJ Jus 4-ftjj? ^yic i^jl><J (^ J-ll <^J^i-5e-<-uil OJUfc (JJ8 p^J ( 0- V») J^-l Mltl ?=-^=JJ 
•Q3 J^lj c^Jbla ^ji^ J D3 j D2 ^Dx <D 
Parallel Inputs cijLjLjjI! ijjIjlU Ji-lall 




Serial Output 



(0 - roj^xAii 



Parallel in / Parallel out Shift Registers 
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, D 5 , D 4 , D 3 , D 2 , Di,D ) ajjIjIII Ji-lj^^Ui^^ji^j J^-^( o- in) J^tAll ^jj 
■ ( Q 7 . Qe, Qs, Q 4 , Q 3 , Q 2 , Qi,Qo ) i£\£* ^ ^L£ j ( D 7 ,D 6 

Parallel Data Inputs «Jjl>Ht cZjULJI Ji-|jL« 



->c 



Parallel Data Outputs 

(o- n) j^xAji 
Bidirectional Shift Registers 



jl^j a I jLJr"i i nL) I Juij jLtxuJI 
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t^yJLlIi ^reJjl (_,!£. J-«JU (^J-llj CjLu 4-*JjI 41*. 



ijl (J^e-txLa ( — TY) J*^""* 1 ifuJI TiLoisjj 



criAAil ^LjLJI 4-^1 j| 4-iU-c ,32rclJ High (^jlintl (jit. Right/ Left ^=i^cl!l iU^. o3=*i L 8 ^'^ 

■jL.u.lU 4jvljVl 4-a1a£. (3-^><J 4JLb LOW ^jlmXI (jyic cLaixJI I jjfc jj^— J LaJ-UlJ 

£>^ i£l lU-^J 3 (Ji iS-^M ^ G4, G3, G2, Gi cjLI^JI cA=xxj J! (^Jijj 1 = Right I Left a_cjJ3 jV 

4JU0 OLJLJI ^vlj| 4_iU-C aHj Clock ^LcUolJ 4 tiaaj (^1 CjjJl». Jiicj 4jujj jt 4_Jb ,J jjl Ji*jJL <_i}LJ3 

i^f Jj^sjj (J! lS^ ^ ^8- G7, G6, G5 diLI^JI (j^^xAj J I (^J>j3 L4JL2 = Right/ Left 4^2 La] 
<JUo <JLiLJLjJ1 i^ljl 4_lLa£. t* 23 Clock A-cUaU 4 l^J ^1 CjjJl». Jlcj 4-aj-mJ i^JJI J^jJL <_1>12 ^jiw 




( 0- TY) J^xAJI 












(jjjjJelU j3jjj o^xJI fij^jvl ^-Ll^ij .<J1jLJLljjI £yi fij_uJ=xjl <— il jo'^-sul (jj^ielU cj^=s\ Jul j_slj.S aJlJc Tu - u j 
^_<sIj_l!I (jjj_j»o <jvL=»J I juij fij-^jl jjl j-»lj-S (jyic. Jj^JajJI ^JL«JLI (jyic 4_u_lI I 4 pl^WI (JjJuiiJ ?:Ll><J 

.L>JU1I U«i J}U ^L>LJL> iaLi2».VIj 



(jy ic <— i^Luajll oL-iSif aj<^—I\ ^jl^o .4_jjLiii]l dsLJLijJ'l (jjjJelJ (_ 



JJ^JI 



^J^ CT^ 4 J-=' 



£=ljJI 



■ (— iLaj lt - U ^jjijuso L^2 ajj Lj^Li- (j_a (j^=xlu 4.3 ij h i s*i a 

. jcvlj c^j (jyic ^jIL>o (JIjLo^Luj 2jo-j (jjj_j»o L^Jl^-i aL <_j^La Bjcvj ^jjt ij~=i\ jjl 4_Jl>. (j-uL-uI ^jl 

<— l U Li.il] 3 Jl>-j jjuus] jJt Ct-iJI .dlLu 4_iJLcisj Juvlj C^J (j'V ^"j'j"^ ( ~ '' ^^3 ^r <— iLJLuJI 2j.^jI jjl Qjuso 

.JuSLAl! 
Word 4_cL=JI .cjLu 4juj? ^ jj^>"" 2 jl»-j _$_& Nibble .cjLu i-^Lcis icj^ta ^ Byte ojLJI <j^=l1; 

.j~^—i~\ jl OjL <j-<J (jj^— i"m La LJLc. (j^iJ'j <— iLa^-Lt-c-U <LLaL=j 3 Jcvj ^^^ 

.1 jt 4Ia-jJ3 JlvIj Cj_u laLilvVI ,j^s Sj^jI jjl '£- 4_Jl>. J=3 *i t~Ti . m" 

.( 0~ XX) J^"~ i '"^ ^- Tcjisj-a jji I 0^=3 Lj^LiJI (j_a ^ *o j A , ^» a ^^ 2ju^= 1 jjl ;JJ^~" '**"' 



12 3 4 5 
8x8 



( o- rr)j^=^ui 
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.clu 64 jl Nibble 16 j! c^L 8 L^l*^ cA==>3 Sj-^I Jl!I 



3 (8kx 



Ij^ty,,,,- u 



JJuti! ^^Ja Luh diUJL=xJI JJlc j^. 



J l^ia zjlvIj J^= f^v ;j^ 1024 (jy^ ( lkx 8) 

.e^ 8 L^ia 2ju>-Ij J== f«-5t^ 4_ci==3 8192 

I 2_ ,jV 8192 J^bu 8k j 1024 L5U5 JjLulk <j! J^>G 

.2 



8192 



2024 



i la fl^ ' LuaJI fft^j-J -SJi^ta ^2 CujLJI jlj-t£. jl-2 (0 ~ V £<__>) J"^— ifaJI 2_ La? 



; =====1 

£ 

o 

1 

V 

A I — I — I — I — I 



^**Jl 



o 1 V A 



^ 


















Y 


















V 


















f 





































1 


















y 


















A 



















j| . cAJ\ 
)M ( 



) T ( 



( o= rp j^lAJI 
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CJ±=3\ JJI (JJJ 1 ) 4_L*^ 



jj^— " ( 0- V £<_j) J^— iSJI p^k" t—L-uaSK^Si I g *<jj >o Jj-^— -it I (JLiLJLlJI c Jlvj _SJ_c (jr 4 2j^=l jjl i 



.C*j 64 ij^uJI lipi (0- Til) J^a ,t,tl fuk m y-^j O^L 8 

Read s^lj^JI 4_Juc ^ji^ij Bj^I jJI 4- l^ u'j-" 1 4- tulJLtJI f-^j cr^ 1 Write s .h^tl iLJuc l£>^»<j 

.Data BUS CjLJLiJI (JJalJ ( _ y ^-<-uJ Jo^LaiJI £ys icj^jta j_lc rjjjjxjlj J^i-jJI 4-aIa.c rfUJj 



Data Bus 





Address 
Decoder 






Memory 


















Address Bus 






















jjjjLuil 


a^ s^* 




1 1 

Read Write 



(o - To) J^lAJI 

jt^auj cjLjLJI JJalJ <jLa ojLJI ^L-J ^^JLc ^yuu ( o- <_sT£) J^lAJI l^->. Sj^jIjJI pjk" <JL^ 4- 



SjiliJIi u5i*-4lj ublduJI jjljj 






^iwtul*- 



(JT lc v j . ^> ^ 1 1 (jIjJjl!! (JIlcj ^-^LJJ *j Q '"' >-" 3 ^ (j'j-^ 1 jLlcwI ajj 4jLL=JI jI 2#.Ij_SJI 4_jJLa£. <J}ii- cr^ 

.^jrtM<" tils jlaj jI>l«JI jLji^l (<uj .Address Bus (jl^ixll J^ ct aj - u3 ^aj^iAjl ^ icj^ta 

(jjjLlsJI . UjU^ ^Jlc ^)L=i lil u'j-" 1 65536 jLjjiJ I :\\ ^— a Lj ,3jj=l jJI 4ju^j (jj^LisJI . UjU^ _sJlc (3-lCb 

jjui jL= Ijs! 2jj=li 4- ul*^ ji ^>° 4294967296 ^^ic Jj..^uJI LoL=^L>j J^ 16 ^ <_i]t2j 

. 32i_£jL-uj (jj^LlsJI iLajt^ 

fij^sl jJI 2_ CjLJLjJI £ys OjL (JJJ->«J AjJlmj .«J-=1 JJI <_,!£. <jl"^-ill 4-iU-C ( 0~ TV) J^-i iSJI Tc-^JJ 
Zj a "■ 1 1 i-LLflja (»3-2j LiJuu .(jj^LutJI (JJ2LJ (jyic- I g * ' ^ J Jt-*-J o-^J Odi'-'-*-^ u^^-"- 4 4- '-^^J- *J a "■ aI JlJt" i ul 

j_a? 2j^jI jJI CT 2JC3 Lajl»j 3>=l jJI 4- 4-<-mUXI *Ja>U j! (jtji«-JI jLlL^Ij <j1>l*-!1 cjAA dla £ys Decoder 

Jjalj ^yic 4-<-iJjjj (JIiLJLlJI Jjc-cu-o I§_ S.i^jJ.1 CjLj^LlU Cuj[j ^yic J j ■ a >. ! I (jJI i^-ijj U-4 2 >h^— It 

.4JLL.J1 aJL>jJII 4_ ojLlL^I *u i_^JJI «j-=l JJI (jlj-Lc jt j^>« 4- ^^-yj-^ (*-* ^^W 



Address Register 



Data Register 



© 

Address Bus 



Address 
Decoder 1 

2 

3 
4 
5 
6 
7 




1 


1 








1 





1 










1 





1 


1 








1 




1 


1 


1 





1 





1 







1 





1 


1 





1 





1 










1 


1 


1 





1 







1 





1 











1 


1 




1 


1 





1 





1 





1 




1 











1 


1 





1 





3 0'>Ul' 



© 

Data Bus 



©I 

Write ob^aJI 
ojjLuJI JaLi (^ 011 ol^N e^»_? Cl) 

TV) J^lA JI 



SjiliJIi u5i*-4lj ublduJI jjljj 






^iwtul*- 



(Jj^tLa £- Bji^vjll ZjrtMitl f-^JJ a! fr> ill aj-Sj .2j^al jjl £ya C^jL 2«iIj^ 4jlpr ( O - TA) J^-i iSJI £=_tisjj 

.Lg3*.ljJi] <jiiLjLijJI (J^se-t^Ld J_ 4JLia^»o Ij-p-Ij <jiiLjLijJI (JJalJ (jyic- <l<-iJjj *u 0jLjIi-l JjjL-oJI 



Address Register 



© 

Address Bus 



Data Register 

I 11010101 I 



























Address 
Decoder 1 

2 
3 
4 
5 
6 
7 




1 


1 








1 





1 





© 

Data Bus 







1 





1 


1 








1 




1 


1 


1 





1 





1 







1 





1 


1 





1 





1 










1 


1 


1 





1 







1 





1 











1 


1 




1 


1 





1 





1 





1 




1 











1 


1 





1 











© 

Read 1*!>S!I 

(?) 

(0- VA) J^lAJI 

RAM j ROM t 3>Sftll IL^jJI fcl^Vl 

.ROM ck2^ 2*1^211 s^li j RAM ^Ij^l 2j^=I JJ! 
(Random Access Memories) RAM JuSlj.tntl «j^>l Jdl 






?.lj-<-u (_i_uj3 (_£J ^_ jl LtSlj "■ ** (jj^LutJI jLlL'^I ajj L^-jiaj 2?.lj_SJIj <uLl^= i U 4JbLJ2 2j.~jI jjl (j_a pjj (JT ji 

■ <uLl^3 ji 2*-lj^ 4jlpr C^JL=j 
.L^j AJjjsJll diLa^mi Jlaoj L4JL2 Zj^al jjl (j-a pJ-^JI I Jl-J AjJljlI!! jju^a «Ja.S b LaJiic 

(Read Only Memories) ROM .ur« z^l^l Sj^sli 

(j-a 3*.ljJL!l LuL=uaL .4_a-il.S <jji j| 4_a-il.S 3-aj^aj (JIjLJLlJI (jj^io L^j^ *uu <_yJI lj~=s\ jjl (j-a f-jj (jr A 

■ Lfetki 4->Lii=xJ1 jjj ROM Sj^li 

.Ajjlilll jJuu^a «Ja2Jl _jJj cP*- AJj-seJll <— "LLlJL ROM Sj_^=1i Jail->iJ 

(Programmable ROM) PROM^ajJLI s^ljill s^»li 3j^=l JJI <> ^Ul Ijla o^J ^jjJj 
ciU^kll ^^a q^u^ U^j (Erasable PROM) EPROM ^^uJJ iLUll ^j+ll 2*1^1 s^lij 

.<Jljlj-a 2JlC L^Ibtajjj I frse ma 3_sLcjj Lgl^tajjj L^j (j ^lJI 

RAM ^Ujl>i*JI3^l^l^>>i 

( Static RAM) i^=LJI ^ij_i*]! ij^=>\ jJI Luij jry^ Jl RAM L^l^A*]! Sj^=1 jJI ^,„?m 
. (Dynamic RAM) DRAM ^^jaLbjJI ^Ij^l Zj^=! jJlj SRAM 

.4jJl*2!1 Jl£>- Jl>-Ij3 ULLa AJjJeA CjLJLjJI u ?<~ I jJ ^jjjJe^U j-»,aLU^=3 CjL}L2 SRAM cj~=>\l aJJcTlluJ 
■taLaTLvVI ^jt-."nn" V L4JL2 tiJJjJ .(^jjje^U juusU*^ <— il afi^a a aJjeTa-uJ L4JL2 DRAM 2j^=>! JJI Lai 

.Freshing j^j^ jl ^^> cr*-^ ^^ ■"'i-^^ti ( - >rt _,i s_>ui jj^ <L^ s jJL ^LLJI 
SRAM s^lij Synchronous SRAM iialjUl SRAM 3j^=li jry^ ^ SRAM Zj^li ^ ,<,?;" 

. Asynchronous SRAM iialj^il j^L 

:^ DRAM ^L^ Lai 

(Fast Page Mode DRAM) FPM DRAM 

, (Extended Data Out DRAM) EDO RAM 

, (Burst Extended Data Out DRAM) BEDO RAM 

. (Synchronous DRAM) SD RAMj 



SjiliJIi u5i*-4lj ublduJI jjljj 






gJJMwl^ 





SRAM 










1 1 


ASRAM 




SB SRAM 



.RAM^Ij^iaJi 2j^=ijji^i^ j==( o- ya) j^lAJI ^jj 



FPM 
DRAM 



EDO 
DRAM 



BEDO 
DRAM 



( 0= y\) j^,,t,ti 



.Lg-La S^ljJill j? l^jjlr <jl"^-ilt 2j^=1 jJI L!>L»- u?-^! jLp^-' 4_lL<ui ^yA 4J$_L*J1 

.4_U 



' d La II j 2 JiA£.f 8 (Jlili ^ 2 j a • * " J-^— ui (jyic <LqJaJLa 2jj=l JJI <jl , U ^ \T» ( - £ * ) J^— tfgJI (J^Li- <j-*i 

^ icj^jj*^ J=3 Row Select < *..»ti jLftjJ 4- f«-=irei!l Jaj>. ^ ■■ a", ^yic < ^-^ ^i L}L»- J=i l$>^j 

CjLJLlA! Ju>Jj lLsJkj ^Lus^a (jj)^~i"j 4-dL»- (_|=3 j_lc j-4J < iLajtr^ 8 LllLv '£_ (jr & (j^J'j , CjLJLlJI iLajt-i-^ 

■ lj~=>\ jJI ^ S^lj-SJI jl 4_>Ll=x]1 4_!L»- 4- rjitaj J^Jla= -ajLJeTm-U ^ jJI Data I/O 

Lii iajjLt^iJLI jui (-J3jr7i^ ^j-a JlvIj (_£? I§_ OjL JuvIj LilJLv I§_ ^yji cP-J'j ^^^h 1 * ^*~J oi^-^ ^J' _^ 

.jLlJcU ' a-uaJI 

<JJJeJLI <JiiLlu 4_jJLi!l!1 jLg-Lsl Jl ^jj L^- 4 Ssilj-dJI ^»- iUjmim (<uj 4_JLa ,<jiiLjLjJI 2juvj 3*ljJa <JLv I§_ La? 

.(JliLJLijJI i La j La a> T^jjta j-^c <^jLJLijJI (J-Se-txLa J I L$Jb^><jj jQicJll ^jIj-LaJI 4- 



SjiliJIi u5i*-4lj ublduJI jjljj 






gJJMwl^ 



< kjuaJI jLuli-l 



1 ' fl i aJl )LCl-«-I 



2 . C I ■ -> 1 1 jLlL»>I 



4 , ,'' , ri \ I jl j*l->-l 



n < h i^itl jLco-l 






3 



"i «-5 «•-□ «5 '^6 -5 ■■"□ -i 



3 



3" 



3" 



s 



"-(5 --6 "-6 "-6 'H^ "-6 "-6 'HJ 



"3 <-5 -HJ '5 '4J '5 ••"□ 'i 



< HJ" HJ" HJ" HD< -D" H_]« HJ- HJ 



■-fi '5 -HJ -3 '-6 -5 -HJ '4J 



Data Input Output Buffers 



Data I/O Data I/O Data I/O Data I/O Data I/O Data I/O Data I/O Data I/O 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 



( 0- iQJ^xAJI 



»jS\'jJ\j u54*-4lj ublduJI jjljj 






^Uttb- 



. 64k x 8 Lfix^ s 






cs — 

We — J— 
oe — 



Chip select 
Write 
Read 
Output enabli 



. i/o 2 

- i/o 3 

- i/o 4 

- i/o 5 

- i/o 6 

- i/o 7 

- i/o 8 



( 0- i>) J^ljSJI pe-L^JJ 



(I) oLiUJI Jiwljua 



C o ; djLiLuJi £jLi" 



(0- l\) J^xAJI 



Oi o 2 o 3 o 4 o 5 o 6 oulji ^jU^ cU^i^ j^ (jI^laJ! i jla 4 ^ai ^Lu ^uji jUktj ^i^i 

• 7 8 

JiJjLd dzjjU^ ^yic j fl to" ^yJI <JllLu 4_uLiilJL! jlHitil (jlj-LsJI 4_<jj^ie2!1 (<UJ 4JLa, <jl"^-ill 4_!L>. 4_ La? 

• Ii h h U h Ie Ms ^^ 

2>=1i 1- M>M! ^W* 1 J^ -5-cjl-i <^ j' 5-cjl-i A^-^y dULJI <JJ>*2j ROM ~oe.\j2l\ lj~=\ J f>23 
<jjtaj_us j_alj^?l j? JjIJl^JI JIuj , CjI SoxLalll 4 qiajf 2_ jj~=x!a *\jJx!jui\ Cjli (JliLJUr. ^yic ROM 

■j^jjjo^JI jL^>. p>Lal <J}L>- Bios jjJ^= a otVOU J-Juilll * ju aJut. ^i 4- ^jjj-^' 

.ajJl»i!I jl^. «_Ll2JI jJj ^lv (JliLjLjJL ROM 2^lj-UI S^==1 j> . U a-, >Jj 

ROM ia^ s f Ijill 2j^=! i £ljJl 

:Lg_La J-=JlJ CjL^S cJlC J I ROM lL^2 S^Ij-SJI 2jJ= 

ROM Mask ^La c^li z* 1^211 Sj^li - 
(Programmable ROM) PROMi*^! "^\j21\ iy^V* - 



SjiliJIi u5i*-4lj ublduJI jjljj 






^iwtul*- 



(Erasable PROM) EPROM ^«J] iLUJI ia^JLI s*!^) b^li - 

((UV EPROM ^, „;;,!! S^ £-u*+U iLUJI i***!! 2*1^1 2^»li - 

(Electrically EPROM) EEPROM LSb*^ g-^uJJ iLLill ****!! s*ljJtf I Bj^lij ■ 





. ROM Bj^^li ^L^ J-^, ( o- 


£Y) (J^~i i"<n tcjusjj 




ROM 
















































Mask 
ROM 




PROM 




EPROM 




UV 
EPROM 




EEPROM 



(o - iY) J^lAJI 



J}L>. (jjjjeliJI 4-iU-C *u3 , 4_aj1_S <i-uaj iij-scA (JIiLJLlJI L^ jjj^-i" ^Jl 2j^=1 jjl <_,_& pliSJ! Cjli 2j^=1 jjl 
tlllj.il AJa-cut^J AjjeTL^u-U JjJ3 £ys LjLj^=i oLJLuJI L&l2 <jj->«J <_y-!l Sj^jI JJI ^yfc PROM cj~=\l 

.MOS ^ii,„<VI ^Ijudl lW* 1 ^ c^ Luu^-T ^La 3j^=li ^ EPROM 3j^=li 

7=_txLa 4_jLc£. rfUJ .ajLJelxJ;! Jjja £ys LjjLj^=i AjxlAjAI 4_JbL2J1 3>=j1 jJI £ys fjj (^ UV EPROM Sj^jli 
.JjjLJa.i * Leaj 0jl jJLa (j-aj-J 4_jjse_ 1 _cu2_b Jjji SHi-^ 3 Sjl-iiuV Zj^=>\j3\ (jLsjJU iJj^JeJLl dlLJLijJI 

.tulS ^11^ ^ J}U 4 ^uOJ <L12 2j^=li ^ EEPROM 2j^=li Lot 

(jjJI 4_l!^I ^2jJ(-a 4- M>^' J^ ROM Sj^sti l^jjJlii ^jumLuJ^) <JliLJ^=xil 4_2jJt_a <SJ3J '^ o-* 
» J ; '^>"tl (J^L>- 4_«jl_S S-fljuaJ ROJVL <jje^5jj jl diLJLijJI (jjj^KJ 4_jjLc£. aj3 I gHla i ulj J 



»jS\'jJ\j u^tttli ubld-JI jjljj 






^iwtul_» 



l_?-i>^ La , iij t* x_a cJt-La *_LaL23 ^_ j^Tn.uj-)lj.j 4JL.ua j_ -^^J i*^ - * 1 J^ A^J K-OJVL *Jilj_<lu c_.dc ! a J. 

.MOS ^3. ;> ROM Sj-_=l_ L>U (o - it) J__=L__J! j-u.jj 



u 



J 



J 



J 



1 <L*x_JI jjjj^j 



( 0- £T)J__=__JI 



4j»j_l!I jjjjio 



Lajiic. <_»_' ijLsJI jf tA>^' '- J - 4 ^- 1 (J-*- 4 -* jj-^-O^b--'' Gate 4_>1jj Jl <____5 ^1 ^ 4jL__sjj -i^j <j| 

4-!Ls. ^_ ' a LaaJI i La >ij 4jLuajJU 4jI^_l!I jj> j^Tu-uj-ilj^JI f-i^J Jl U»A>^ FLlgfl _ggTu.-,l I (_-ic L-aj^aJI i Laj> ;jj~~~ '_' 
^_ ;jj~~ Uj (Jj^sjj V «LJLa <_Lt^aJI i La >ij 4jLuaj_« j^Tn-uj-iljUjl 4_jl^_> ^jj -■"■•" V LaJ_i.cj , 1 Cli-JI (j-i-*J La OJN 

.0 e_J1 j^Llj U OFF <JU 

fJSj-^ (_£? _fjJ5ta _)] (j-l-*J La P-HJ^ 3~\ 2. (J-ul 4_JL_C (_?-i_p K-OJVL ?-JJ (J-O 4^>Oj_lIu A^tajJ JlJJ-1 I— Lj T ^j'^-y" A'.t 

jf 2 (j_ii 4-JL>JI u'j-- 1 L£jL-"y 
(n< LuaJI pl>-- ) = (n jl^-tJI _]_2j__=!jJ! _£_$__**) 

(jlajJiJ jLlJ-.U ;jlj_L*JI ji i La ■"■• '< 1 1 ' AjLaaJI i La >iJ jjp.t-uj-iljUll Cjctte 4-J^ (_k LU °3^ VI L-LlIc La-d tiJUi j^>-*^ 

<__!_. 2_^jl1 4_ojL_UI -isjJ_> <__-_. 5V «__4jJ2 ji^v -^j (jII i_?-Jj ON <JI_v _L jj___jjlj_JI jj-— ■ sLJ- 1 

^^ju L_4 ^ajLHI t__jJo <____. 0V «G_m_1 Jl^ Jl i_J_Jj OFF 4_!I_v _|- <_t$_=jj 1 <____; U^a i____L_U _\3_<j_«JI 

.0 



SjiliJIi u5i*-4lj ublduJI jjljj 






^uwb- 



J^L 4_Jl= 16 (jj>iu ^ir. SjjLa c*j 128 /\ euL 16 Lgl*^ ROM Zj^>!j ( o- ii) J=xAJI £-^jj 



''^~ y 




Address 
Decoder 


T T T T T T T 1 

rDrnrnrnrnrnrDrn 


as**- 


1 




< 


^< 


F" 


►i. 


-6 


-6- 


-i 


^. 


^ 








< 


i« 


T 

-D 


T 


-D 


-6 


4 


►i. 


^ 






4 


' 


4< 


±< 


4< 


-6 


■ 


ni 


•i- 


Hk 




' 


T 


T 


T 


T 

■ 


T 

-a- 


T 

-a 


T 

HZI • 


1 

HZ 




Ao 

A, 

^ 


6 


' 


4. 


►6- 


r 6. 


4 


4 


ni 


■6< 


-4 


* 


' 


T 

HZI ■ 


T 

-D 


T 
■ - 


T 

-D 


T 

-D 


T 


T 


1 


/ 


Aa 


8 


' 


4- 


4- 


■ m. 


. 


. 


4 


4- 


^ 


(jjjliJl i ji 


• 


T 


T 

-■ 


n^< 


■ 


t 

-a- 


T 

•a- 


t 

HZI • 


HD 








- 


■h- 


4< 


ki^ 


-■ 


-6- 


■6 


-i. 


-4 








- 


± ] 


T 


T 


■U 


-6 


4 


►i. 


^ 






12 


' 


4=1- 


-*• 


-*• 


■ 


■ 


ni- 


-6- 


■ 




' 


T 

■ 


T 

-a- 


T 


T 

■ 


T 

-a- 


T 

■a 


T 

HZI « 


1 






15 


• 


■ < 


-i. 


-*. 


-i 


4 


ni 


ni. 


m 




' 


T 
■ 


T 
■ 


T 


T 
-D 


T 

-a 


t 


T 


l 






m- 






■U 


■ 


►6 


^ 


■ 






r 

Resistors > 
C 


r 
i 


r 
i 

7 c 


r 
I 

i 

> C 

e r - 


r 
I 

i 

> e 

>5 C 


r 

! 

~} 4 c 


i 


r 

1 

) 2 t 




■ T* 


L£| 


• 
I 


,4 












^,LJL_j. 


Jl E. 


u„ 







( o- 11) J^xAJI 
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Memory Expansion Sj^lit) I jjjUJ 

.4_Ll*_« 4-a-uaJ Lg-iJaJLJ x_o I gij '-^>j"j ^cjlj_ti ^bLiisLi JljJlajJI 4_i1a£. ajJ .(jJ^LLaJI JJlC j_ii (_£ jjlj 2jJ=l jjl 

J=3 ij^>^ u'j-" 1 65536 ^ju (64kx 4) Lgisu-u Sj_^=1i juJlaj *uu l-aj^ ( o- £o) J^xAJI t=-^jj 



Address Bus 


RAMI 






oisLi^l JSU 




DataBu 






4 bits 


Controls 


^LU^JI 


JSL5 


*^*iJI JSU 









Address Bus 


RAM 2 






16 bits 


65536x4 






O^UJI JSU 




Data Bu 








Control Bus 


^Ul^JI 


JiU 


(.■^-.V.tl JSU 









juj^^ill a.A»r Jj2> 



Address Bus 

16 bits 



Control Bus 









4 bits 











c^liUJI JaU 8 bits 











4 bits 







( 0= lo) J^xAJI 



SjiliJIi u54*-4lj ublduJI jjljj 
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2 16 =65536 jV (jdiLi^ 1 JSLLJ J=^ 16 J! Lb^l .^JuaJI ^ ^ij jii==i ( o- £1) J^,,t,tl LT Luu 



II 



A: - 

A,. - 

A;- - 

An - 
A 12 - 

A- - 
An - 



rt jsu 



RAMI 

64k x 4 



RAM 2 

64k x 4 



- ( I/O ) 

- ( i/o ), 

- ( I/O ) 2 
" ( i/o ) 3 

- ( i/o ) 4 

- ( i/o ) 5 

- ( i/o ) 6 

- ( i/o ) 7 



S 3 



( o- 11) J^xAJI 



SjiliJIi u5i*-4lj ublduJI jjljj 






^uwb- 



( 0= £V) 



^l^LjJI jau 



Address Bus 
21 bits 


RAM 2 
2M x8 






^jU-ji jau 




Data Bu 




Control Bus 




-uwi 


jau 


.s— =11 JSU 









J^ 



iLuJI JSLi 



RAM 
4M x 8 



t- 



Address Bus I 2 1 bits 

22 bits 



Control Bus 









RAM 2 
2M x8 

EN 


8 bits 







( o- IV) J^lAJI 



D 

r.:: 

£ 



(2 21 =2.097152) J*^ 21 <> 4L>^j oi^l J^ 4-M u'>^ ^ f Ijl^U J! <JuaJI jrli^S 

. (2 22 =4194304) J^ 22 J\ 

EN (Jiw Jla) «Qa_jJ2 j)J)^~>" LaJilc Jj^l t — 4iW W^-* 3 <Jj-<-CJ jLjIo-L (jj^LlsJI JJalJ 2_ > 2 JaiJI ^J-2j 
AjJliJI fij^jl JJI EN Ji-J^s) 1 4Ia^ (j_^=»3 LaJJr. AjJliJI OjL L&j^j ^ 4J^uij (LOW (jJjVl 2j-=1 Jl!I 

.(Low 






ublJUJI 

S ModulUS jljuJIJ^U^^liU .Y 

SdsL^La jjja (jj) ""-»"" jl <J1)Lu <j-u-«S- ji .si JlC J^sLua J.& La .Y 
5) A J/jLlxj jj Jiljic 4_iic l£>^ (jJJJ' cIjL^LSJI .}Jlc _$_& La .£ 

sBCD ^1jl*j^ liu .o 

S^ * f^^La JijvIj (J^= J-aLt-a till J I Jlc£ £ys ^jj^-i'm ^ jjl .il JutJI J-aL*^ j_& La .1 

SYY dial «* ■^/^j-.^jjA ^.t<-l.^" \l.t<- p^,/»Mp» .V 

S ^ Y 4jLaL»-a (j-aljJLa j-tC (^jLu .il JlC <-laju3~u <!k .A 

5 <— ihljuJI j-ll<j 4->2iaiI,l j^ljjJI flfrJI (^1 (>a .*\ 

S 4_LaljJjil julL dsl.sl JlsJIj 4_LaljJitl dll^l JlsJI (j-U (Jj-aJI ^-tia J ■ ^ * 

JjJl>- 4_jLH=j *_a (J - K) cliL^La aljiidL-uL (A) J-aL»-a ji (j-a I JJla j_i£ ^JlcL^ij .sljic <u^a.l ^ 

<-ujjj , 4 ejuL>ti\ (JjJl>- <jL1^3 *-a ( I ) cljL^La a I JlscIu-uIj ("I) (_LaL»-a ji (j-aljJLa ^jLu .il JlC <-qjus. \ Y 

S TTj-seil (jy^-jil J^-i Mill 






Shift Registers 

*?4j>JjVI (jstLjujua Lg-La ;JJ*^~ '"'J Lj^' 4 -^-<- u L<-u 2 I j_»*aLL*JI (JT ji La . ^ 

SjUrxJI Jt jl (j>A-i]l Jl ^LiLJI ^Jji -^L^aL l£JJI Jjc-u-lII ^j _^i La .Y 

S^ljVl Jrj^a 4_ c^LiLJ! j> e^L> ;U]LHa ii^j i^ljV ^ j}U1 ie.LJI ^L^ ij^ ^ La .V 

S^jvljVl J^s-cu-a 4- CjLjLjJI (^-a OjL 4j)1>La 4^,^j ^'j^ fj^' icUJI <— il l^laj JiJlC _$_& La . £ 

11001010: ^JLUI oLiLJ! ^ ^Lntl jtjJkJIj ^jljiU J^jJI ji l^^U i^lji J^^ ^^i^j .0 

S^cLcul! '"'I l^j ' J JJIJ-* 3 ^ L *-^ J*^itl I I g^tlc (_£jIL><j (_jjJI <J1jLJLljJI (JT ji La 

jtjJkjIj ^LnXI J^jJI ji jruuli i^ljlj^^^ 11001010 SLJbJI cAiLJI JLiol jl^ .1 

5A.cL.aU '"'I >iaaj £jj)j-a Jlsu Jj*_<_u11 L^iic- l£>^ l£^" <— 'iJLixIl fjJb La .^ bit, I 

•esjljlll jrj^Jlj tijljlll J^ JJI ji J^-^ 2_ ^bjljia iLLuaj 11001010 c^LiLJI JUo! ^ .V 

i^ljl 4_j3 Cixj 4_j? Lie ,4-e.l («lt <— il i^ n 4 Jj)j-a Jlsu Ttj^-JI 4- U^lIc J<^-»JLl CjLjLJI ^Jb La 

S<lL^jlj J^-u-lII ^jS. Uiuaj L>l ^Lnll ^-jJJIj ^Lnll J^jJI ji ^>Jji J^=-^« 4- ^-J^ '^^ -^ 






S(j Ij-Lc (_)=3 £_ C^j 8 (jjj^»o (jyic Sj-SLaj (j Ij-Lc 512 ds I i <>j-=i I i 4ju-u (JT ji La . ^ 

Oj 32 Lp^ta 4_al=j 4_La jj^"" (_yJI CjLuLJI J>1 JlC j_& La .Y 

SajJl»1!I Jl^jv frlUaM jtlc A-jj|j.iTgAj| Zj^alJJI (JIiLJLlJ d. iJl=»o 1 JLa .V 

S(jlji£. 256 tiili Bj^sli <lJlc ^jIL>o (_pJI (jj^LisJI ila^t^ ^jl£. jji Lo . i 

S 24 Lg-bjLic JSlJ i-a-uj cj^=>\l 4.JLC l£>^ l5^J' (Jj^LLaJI JiJlc j_& La .0 

2_ cj 4 (jjj->^ (jyic Sj-sLaj 28 L^jjjLLc JJaL .UjL^ ^j^ Zj^stjJ ojJLj ojLJL 3ju-JI CT ji La .1 

SS^_^=1 JJI JljJlaU ^aJJe^LmJ,! JjL-ujJI ^^A La .V 

lj^=i\'^ 4^>oj_iIu a I JlJcTu-uL T^ita j] (_L>-Jl^3 16 Jl (JIjLJLljJI T^jLitaj (_L>-I Jl^j .SJlC JljJ-cj aIu ' ^j' : ~' .A 

S^jLkaj JiJ Jl^j 4 tllli 

K.VY <^)ljs aj<^— l\ *Ji1j_<i aIjlscIL-uIj K"l£ (J )\ (JjjLlsJI JJlc JuJl^j <~u ' '* ^— • .\ 



Jss*. 






4-Ojt ,,,tl A_U,jJI A-^lUJLI 

g^um jj^uj (lu^a 2uujt SjiiVi 



^ 



;i 



suayi^ijiji 



SJLSjJI oL>JL»J.I 








:2jIjl>JI 

pj_j (j-o t_<_-uL>wtl «j-4^ ^r AjaJLseH-mJll <JLiL_>JL*11 ftj-JT <j-o Pjj <___£. (__3jj_i!1 <____: Ij-iLa <_jjJ__U jj^-n jf 

.__>L>JLla_] ixu.Lu.Vl ^UII ^-juU ^j o ;__a A-Al ^JLUI ^_u,ljj .J__l ckUJLl* Ct ^j IBM 

:s_->-yi ___.|j_(_l 

: <___£. lj-SLJ2 BJlvjJI ojui 4_u,|j_, Jl»j <_jjJ__U jj^-ij jjf 
.4_jjj.Lu.2l «GLJ^___j_aj /jJL*J,l l__jjjlj • 

.A_=-3-xtl 2__>-jj l L^___l!1 2j_>-j (ALU i_U__j ^>~i • 
.A____s_xtl (J__LJj ^LLxJI (J__LJj (^j^LulJI (J__L_ rj_u, • 

■ L$xt! JjxajJI ^JLt-ci! (J-=l^ (_p-J! 2j__=l JJI <ssa -SL>ol • 

.X_lA_t_JI iiJ J iJ'^l a_«J L__JjJlJ • 

.^-loa-lII 4_»Jb w_aLJj_) Jlx__j (J-^Ij-o 4_3j_*_<a • 

L <_i^i__il *l_sVl (_£3_xc_<j 
./ A' ajl _L>JI OJ.& (jL_j| Jl t^J-CUl ^J-C-tl Jx_sj jl 

:(-_ujJl_U *__^_J,I ___3jJI 
:sJlc.Lu_U J_Lu,jJI 

.*dG_ J j__3.S 
:2j_vjJI '"'I ALaxa 
.4__jLu_!I _ltl JlvjJI f-J-<j_v jLllvI 









^iwtub- 



Jji ^JL_ll_ .(J-4-«JI I Jl£J ,*L— II ^JL_<J aJL3__UJ I La 4— JJJ 2*.Ij_J jl _lJ^_)VI 7r ?l I r*~ \ 4_U.Cli.uJ (_£Jl!I C_-_-.L_>JI 

.(Jj-4_*^j (_i__.Lv jL^-v ji 4______i___ .»_sL». jl oi** 1 ^" ' a '—■------■ *-j-_- (_i--. l_>_! I 2ljj 

(j— — - A-J- l<- o -a I fl < n j-L l -l U <__jL_c-_t— l!I ( j_a -J _ ___L_ u 1 g_La _aj^ ^j ___. cj c «L^j^___!l <_>oj__ ,j__ 2jl__. *JL_U 

(__!lj (J_<J (JLiLJLljJI (J-— <J J__J__J A I J-Jr"l ( ilL 2j___-l j *_« ;*_ l_J5 (J-L—SJJ J_Lc .7^J_JI J (JS-jJI Bj^jvi j (—iLJLljJI 

ij_ x— j (. i ( nLv jL^v (jyJ— . (_Lu_>iJ 4_jjvjL>JI (—iL—j^sJLl 

:^JL_aJ ^_L_V! _ 1 Ll3__Jll 

^(Arithmetic and Logic Unit)<j___Uj <-)L__»JI sj_^j :^j__L_? l_I '.j^* _iM_ ^a ^JL_il jj _=-j 

jru_j ( V J____JI .Control Unit f____J1 2 j_v$ j Registers Unit _>}U__J1 2 j_v$ j ALU 

:4_aLc 2jjj_u gJl *olt 4„u_tjjJI <_iIjlj>w^JI 



(, \\ U1~>lt SJ_J 

(3_laJl j 

ALU 


' ** 1^ a m It aj_j 

Register unit 


( ___U_Vj 

Control unit 



(1- OJ_=u_JI 

^JJ—illj <_>l__»JI 2 Jl>-j . \ 
(JIiLJUju Lt_ul (*>^J aLq— a— llj <_)j___lj rj__lj x_4_»_ I JlLa CjLJLijJI <_,—£. <-ul i— >■ CjLlUju 2 Ju^jJI ojuk ^J-S3 

. XORj ORj ANDj NOT Ji* i uakia 

:_i>_t_JI 2j_wj .Y 

(_pJI 4_dLvljJI <_!^L3e__l (j^3 icjj^ta I§_ L_j-a CjLJLlJI tjj-3c3 t<— iLft-— C utl ^j^J 4j_aL_J La j_aljjj 1l_ — *.LuI 
.4_2J^J 4_i_wlj 2j_=1 j_= <jil .»Jii___ fijLVjJI J142 .fijLJvyi ojui J__ 







^iwtub- 



(j^l£- (Jj i^iirW dlljLiVl iL. ^^-1-fclJlj CuJSjllI L-kjUoj lULfl-LU tiJJi J ^JL*J.I (_u^£. 3jU>-jJI 0j-& J"""! iftU 

oJ-* .( 1- Y) J^-* Atl 2_ £)\-la jjt La== LvjL>-j Lij^b cjLa^l«.U J-iLil! JJal^J cj^Lj ^JLlaII i LmLS 




jj jli«J JaU 



cjULnl! J2U 



I^SlI cjI jLSJ JSU 



(V Y)J^,tl 



.^L^JLdl ^l_L^ *_, 



: od? 1 ^' <J^ 

7cJL«II J^ju-mj .j^»J ^yvjLs- Ja-j_st/J j)\ 2jj=I JJI (J I jJLjlLI (j_o <oL>JV1 i_£.sLv? JJsLJ J-4 (JjjLLaJI JJaU 

J_SJj aLulU tiJJi J I/O r^>Jt J J^^' J-2Lla jt «J-==' JJ' ^- 4_oJ0ita (j^La^? (JjjLlC (>J-*l! £)JjLx*JI JJaU 

■ 4_ajLJeTLi.u.U <JLsUL>JI 0)\ J^s^laiJI JJuu Ja-Ujj (JjjLlsJI (JJaU (jLLaJ jl f«^*^- • ^ ui ^ULiJ' 

S3 *_a VYj Y'j Hj A Jl fftSj-II I Juk j-^3jl <<^LjL>. £ LJ 2_^jJl2J1 diLsJbtll 

• L&JI Jj-*-ajJI £-lL*-U (jL^auaL ^Jl 3>=l JJI rfust^- Jilj Ui=i (jjjLuJI J^U <JLiLJL». JJlC jlj Ui= 

.Bj^jIjJ! 4-<jL^« von <_ji j^yi gju^n 

.t,Y\0,» ...... JJ J^^JI gJU<aU 

M=2 n 



ul> VY aljiiel^L 







oi». m o^= lite .Y n =ioor"i j| j^yi jji .j^-v n ^ll_ji JaL: cjUiU. jjlc <jL:= lit jiia 

.Y" 1 ^ UiilVii-VW-^OOnn 

tdliLuJ! JaLi 

jsi: ^l:u- ^jm j 13 La^j .^jlui %j> v-"^ ,: ^j ^^ " ll j' vy jf n jf a j^o <j? ^llji jaLu 

.TC-alj-JI lULfl-U 4_Cj-<-U J jJUil 9-\±\ -Slj I »1^3 dsLJLJI 

: ^^LStlJI JsLj 

<j? if <JJaLi!l I JLjk ci>l_iL^ jjljlI u ,,\A J^> ^ juvjj V 4_ii VI i(>_&L>ol ji p^—-,tl cjljLil JlLJj_<lsu 

(jj-mZi] ^J=l»lIL!I <JljljL_<il J-SLJ xJLII AjLseTi_i.uj . j-~>- 1 Jl ^J Lsjj (j—a lj_p_=j < a l"i->o L$jLJ2^Lcj L&.SJl-C. 

.^jLkJl ^Llj^db JL^iVlj ^LUaJI 
: ^JL«JLI ijjtajj 

< >( * uaj .0 J ') 4_jjLu .sIJlc.1 q-a J^ mm" (_yJI J 4_!Vl aJl! Cr ji j 4j luli. eJLvlj 5Jl! VI xifraj V *JL*1I 
^LillL dlLil!! tfjui ( Al^aj . ?dL«JLI ijJtajj (J^-<-uJ m£>>-1 '"'I Ll j-jjiaj (<u tiJUjJ t 4jtl!l ojui -a I JlJcTu-uI ^_aj_ujL! 

a_JLc cjLiill j Assembly language j-^ia*^! aJJ J-La (Low level languages) ^fi .,<tl a .^^V^ 

.jdL.LaUJI iiJ j ^l, (l<! jtl j C aJl! Jia (High level languages) ^"m.U 

^JLtll ^aj.) J^oj < mnemonics _> ^ i^_JL>uVI iiiJL cjU1= 4-lju cjUJLu ^ j i^j^jtiJI SJL! 

*_al_jjj 4_j|"^-it *-_lcaTl1I 4_Jl! l_LaJiiej_<_ul lil . L gjTi_i.a,U 4_i!Lc. <JliLiJ *_a L&LJjLJ3 La I jl I jJajua aJl! Jiaj Lfli^aJ 
4_jLa-»j aj Sj .SJVI 4_Jl! ~"j a ■~- J I *-±*2tH\l\ 4_JtJ cjJt-uu (J-j^xj (_>_->o 4 ^_I L_«JLl A_Ja Ls&/> g-^all 1 -'' ^ ^— 1 ( La 

4_iJb ^JLaII 4-^tajj ^JU 11 ?=— ^=i^ ( ~^~ ^) J^^ -■' l .Assembler j 1 x_«^>J.Lj c? _c-.-ijj ^_al_ijj J-j^ei!! 









gJJMwl^ 



Assembly Language 


*'*?■**'" 4*J 


1 


Assembler 


^ 


1 


Machine Language 


iUVlAi] 






La (jJjIa <>c. iftM AjlI (jJI <J^s3 L$Jl-2 t^JUIl f-jj (_,!£. JlaIaj V ^OJI t^'ditl 4_iJLc 4^taj_J1 CjUJ La! 

.(Compiler) ^L j! (Interpreter) ^j^IL> cr«-^ 

■ LvjjLaj j"^-il J^~> ifuJ 4_a_sLii]l CjljJiaJI ^_ ^JL*J.I 4j?tajj pjjL3j_a J I Jijju (_ajj_u 

:c_^L>JI 
j RAM) 2>=l JJI Jla ij>jU. CjIJj"^*^ ^-ILstll J-l^jj ^1 LLJLc La LxuU. j\-fr>. (j^ic J'^-»o (jy^a-l 

<_^U. ciLi$=u9("\ - 1) J^lAJI ^ .(Input/Output Devices) ^-jJkJI 3 Ji-jJI *>*^i j (ROM 









^iwtub- 



£jjliaj) k*.jl 



SjLil) 



RAM, ROM, Disk 



ju^yi 



-uii 



e«>y> 



CPU 








jJjUaJl JSU 






cjULaJI JSU 




| 


♦ ; 


^^I^^^^^B 


^ill CJl jLil JiU 











(1- DJ^AJI 



CPU 4j3^=>XI ^U! Sj^-j 

: j CrU (*J-2^ ' '-£->^4 ul -Ajli.1 jJI jJsljjJI *_j^jvj ;*JL*J,I £yi cJlvjJI oJui ^jj^~ '**"' 
«_j^jv 4_jL$J (_^l 4_iLs-*-J1 juk jj-~=u .4_jJLU1 4_a_JL*l!1 J I CPU J rt"iij t 4_i!L»J1 4_a_JL*l!1 lumlj 4-JL4J Jl-Lc 







RAM 4_ ^Ij^JIj cilJLull Cij-=^ ■fWI Oej-^ o^j-* j ROMj RAM ^ Sj^l jJI s jljvj <jjj=^ 

4_aLc a I Ia.il I /j-alj_j (»3-23 .ijlOiJ (JILa ROJVL ^_ a I la ill /j_aljj Qj^ej j ( w-aLJ^-iJI <— iLq- J Laj J j a " f.Ln'\ LiSj-a 

.^jj^i ^Uj-aj ^ U-^VI (j-a (_>-i.uL?JI jL^- (_)<iirt2j ijuLiaJlj LiLiJI I§_ ^^-i-fclJL 

,_£j^I 4 Ij ( nj (Jl o t" ( ill (_l_-><j jLpJI » La3 JujlS ( C^J2j-a J^~ » "■,' <— iLJLljJLj i La all — ■ i ij-^sli (JT ji RAJVl (jj L^j 
.L^jJl 7^Ll>iJ LoJiic /j_alj_iJI f-Lvpjjil (j-a (_<,.i.uL>JI ^j -1 ^""" 1 »HJ (_)^a^SJI aJls&Iu-uj .w_alj_iJI oa-a^J 

ijjuvj Jj_jij_La (j.c dj La jl*J,l (J_<jijj j <(JL>oVI BJljvj Jjjj-La (j^l 4_jjvjL>JI <— i Loj-Lt-l I i_...i_uL>J1 jL^^- (J .' ***' ' "J 



■£l>~? 







^iwtub- 



A-AIJi? ^JU! 



^uU»JI «J_^? 2_ CPU 4_j^=jj_a 4_^>JL*-a 2j 



3 AjLJeli-iuJ c 4_jL>. \"\ wJL*-« J_<k A*A1 (J-UJI wJUil 



4_jjI_l> (JliLJLu *_a (J-cjlL! ■* -: -: *^> a j_alj 2 I p la * aj 4_jliJ JtJI (JLi^Lse-txJI j j'-^'l Ij >— iLi.u->JI 2 Jlvj jj) (jt^*^ ^JLi- 
<A-YAl) A^AItliUJlult JjVl ilil! ^JUIIj-lLu.^U- H 1^1^!= 



■ (■■■a»xuj <A-LA1 <A-YA1 

•> ^r,ll;.i a>jLJi .^j* ^1 .ttl ,-Al r gJt (j^| taj ; bjjua j (T3TTT) Rns Interface unitJ-aLiJI 

.(EU)Execution Unit 

: Ct 1c A'Al Jjjt ^JLsJLl ^jl^o 
(ojLi Y) uii n l^LciULjijLi^sjZel^^ ^JLaI! o^=^ <DataBus cjU>LJ! JaL> XJli. n • 

(j-\_jJLj!La cy* '^~' a ??-''-*-*' (J a *~ ' "J 4-JL>^ "I (jjijJellJ .(<— iLJLi- A) CjjL (JILaj <sjj=l jjl ^_ (jl ^— i a (j^=> 




4JLk16 



0) J^n.t.tl 



jJjLwJl JSU 



CJULull JSU 



p^ll CJl jLij JSU 







^iwtub- 



L-u^l (Jill j Laj>JI jlj -^— ■" (J^i_iw (j_a (iliLa-iLdJI (j_a 4_<ijLJ2) /*_al_jjj I j a ''" ' AJ-Sj (j j_=j_o j_& /*JL*J,I 

tJLJLUI 
.2jj=I jjl (jjo 4_JLl!l 4_<iJl»^I (-civ . ^ 
.4_aj1suJI 3^Ij^ -V 

.( ^Lijji ^Lkvi lip 3j^=ijji ^_^3un ;L>b^= .£ 

2Jlj>>j : Lg-A iy{"i\ trin'ia (jCt-A-^ I ^ (J^JlJlj>>j (J^Lv (j-a A'Al ^JL*J.I '£— 4_»_<-uL-u^?l dilj t-i-^l oJL^i l\_Lfl-(j *u-j 

lUjjJ (BIU) Bus Interface Unit J2L1JI i^l^a sjl^j j cjLUaJI j-ujrJ EU) Executive unit) j-uLrJI 

(j^J^^^I oJl_& .^jLJJI 4_jLH=3 j 3*.lj_Jill 4 jUr j CjLh^JLslIJI (_<_L>J dl! J ^-ij L_<i^_i£.j 2j^al JlJL ^JL_*J.I 

: (1 - 1) J^-i Mill £_ (j-CLre-i^g-a 



8086 giu-tt 



jaajgjt S.ia.j 


EU 



(j5Li]| A^j^I j-a 4.1^ j 



BIU 






cjUAtlll 


(U 


• 


Cj3L.I*J| s« 


•J 


• 


^iUill 4jLjS 


• 



JaljJl 



Execution Unit 



Bus Interface Unit 



(V "\)J^lAJ! 



aj^zjI JJI ( 3_o cjLjLjJI J-2-L= (EU) lui-Ll!! cJl^jJ Jiill cuLJur. j-j-*^o (BIU) JJaLUI i^l^ 3jl»~j ^^23 

(_Jl>o BIU (JJUJl^j r'J-^ ttuLa- i LL l ll lULfl-LU (EU) Ji-LiiZLJI 2Jl»~j <*>2j Lq-Lu (I/OVjJxJIj (Ji~jJI 3Jl»~j j| 

fu <_pJI c^Uai«lll <jj>-^ .(prefetching) ^UJLClII <-J-?q 4_JuaJI 0,1^ cr «-^ .2jj=1 JJI o-« iJLUI a^JLClII 



(IQ)i 



-u3 4_JLvIji cj^Lsc^u 2j-==l JJI Qja \<j<\y 







^iwtub- 



.pipelining jT overlapping _> ^ ^ , ,,j u <juji i^Luil juAu j <_Jl>ji iuu*. ^ju oliLuJI 

<j_4 J^= 4_OJ l£UJl^5 ( I" V) J-^ At I J-l^JJ .A'Al ^JLjlJLJ 4 jUljJI 4 xLJl <j^L_J ^LUI J^ At I 

.BIU j EU u^i^l jJI LryJ^yi 



SjSliJl ^1 



Jauil 



- A-bus 



j »£aill ^OaJ 



AH 


AL 


BH 


BL 


CH 


CL 


DH 


DL 


SP 


BP 


SI 


Dl 



"A /- 



Operands C£L«U_« 

Flags ^Vl - 



( 1- V) J^AII 







:(BIU) JaLUI 4^1^ Sji^j 

:<_ 3 -& ^-"^J aLj-u^I t^J' L>° (J^^' 4-^jvlj^a fijuvj (JJ)^~>"" 



-aLv 3 vjlji .1 



*<— )LjL«-<-U Cy L>J jJI JJaLill <jj>b <j-c *Cu lui-TJI Bjlvjj Jl »^"VI 
(Instruction Queue(IQ 1*Aju1\ jjjLL 

4_iI2Tl!I oJl... g-g-iuj ♦ i^v°>f Jl-s_= diLaJbu (l) 4-L_i A'Al £-JL*_U (_>_Uo .L-.J_.__13 _2_ *Jl_l!1 J_il jjjL-_--]1 

jf pipelining _> 4_lL1"JI .» j_a> c^-^ j CumTJI j._JL>JI) c-ayi <_>«__) 4- uy^-^ fU^W A ' A_l £-L_Jl! 

.overlapping 
^Segment Registers) iSjjfcill c->U-_. 

C—jLLi-ps ^ 4_>ji*J AjLseTi_i.uj j 4__L>. ^ 1 ^a (CS, DS, ES, SS) J-JJ^I ^J_t_]| <__}Ls___ J-rJ-*^ QJ) ^~ 1 "" 

♦ 2j__=l jJI ^Ul* ^ (MBytes 

?.lj__vl ( _ 3 _a -— 3 <_jI cj_4_ta * jj! Jl 2^-^=1 Ji !l 4_w| i_u-a <ji • •• <_u A'Al /-JL_*_U *j 2j t I a /j_al_jjj J j a '**< 1 

♦(c^b lo on) e^LjL__. i£ ^juuj V *j->. J__3 o^L-o* ^segments 
oj-^ 3 .^Lj^l J_l2 <\_/. jri_«3 Sj__=l jJI '£- *j_>. J ^nt (base address) .j__L_!1 3 \ S-jIjuJI jl>-ui 

: CT ]Ll!1 '£- (j^iicJCj ?.J_>- J-= AiijUj .«_jj^I 4_jJ_t2j| <__}_s__j £_ 4_l!L>JI bj-_=-l of 

.cjUJl»iJI Sj! j_> <j1>La <__-- l£>^j i^JlII (CS (Code Segment J^__JI 

♦cjLjLJI 4j|j_, jji^c ^Li i^jI^j ^JJI (DS (Data Segment J^Jl 

♦ ilajJI jl iaj___tl Sj! ju (jiji£. <__1_. (jj>^»o i^JJ! (SS (Stack Segment J*_-JI 

♦4-L^i *>»■ <4»Ijj jl>ui JLi l5j1>o (^JJI (ES (Extra Segment J^^JI 









^iwtub- 



RAM SjSlill 



FFFFF 16 

F0000 16 

E0000 16 

C0000 16 - 

B0000 16 

A0000 16 

y uuuu-i e — 

80000 16 

70000 16 

60000 16 - 

50000 1g 

40000 16 

30000 16 _ 

20000 16 

10000 16 

00000 16 



Extra segment ^^Vl *>. 



Stack segment 2LjSS * j* 



Data segment cjUUII * j 



Code segment SjLiJl * j*. 



] 



]- 



jjUjLS 64 »>H f** 



-► ES=C000 A*** l$j^* 



SS=9000 ^^ <-Sjp=^ 



^, DS=6000 <J?^> ci i**-» 



CS=3000 ^^ (-Si^ 



jjLjLS64 *>*<■ 



( 1- A) J^lAJI 



ajL>. Y* •> j - aj ^^— 1 aj! JljJI (jljjxl cjUL>. i jjkT 4- jl IloI (JJaLiJI 4-$»>ljja Bju^j LcjI.} < ^j'^" -^^^\l * 




^1*1 u«bJ! 4*u (tujJI 



lo^Li*]! j_4jv 2jib j Instruction Pointer(IP) a ^U'tl j-<i>a 
Offset ) JjLj«II <jl>ic. ^j-lc IP J*-loJI iSj-^j .s^sl jdl 4- M^ 1 5_4^LlHI J I jj ,\ t 4_*_iLaJ1 j-z$a 
C7 1L»1\ 3jJ-.UI o'>^ 3 fiJ^L^I jl ^'^' u'>^ C& ^M 1 ^ ^L^il cr^ c^ JI j <U!b]l ^JbOi! (Address 

.(CS) XS>*2JI J^ 4 

4-UrLJ-O J^fc L*=3 jL-uJI Jl ^LJU- OujLl 4-^vljl Jl-*J J-i-oLkJI CS Jje-.-a.U AjIJl-lJI j'>^ J-' 5 IP J-lU-ll 



CS register 16 bits 



IP (Instruction pointer) 
16 bits 



/ 

ajU. 1 6 s jLill aj j^Jill J^u. - 



Physical address — ► ajU. 20 Usti jljiJl 

20 bits 



a I JlJt"i i nL fij-^sl jjl ^_ (jl ^— i a 4_Jj_lc 7t_iisjj (^LlJI J"^— i "■ ^ .(jjjI—LjJI «jjL>. <>J— >'-i L£j Cj-aLJ2 4_Jl«jl!I oJlA 
Cr ic IP CjL«^- l L C l!I J-^j-A J^e_<-u J BOOOig Cr lc CS 4_jJ_3el!1 J^e-<-u ^J-l^O JLHI I juk 2_ .AjJ^sel!! A-Sjj-La 

L. J ^o IP J^ uJI J! 4^1 ^b CS 2 5>*nJ! J^ u, 3 *!)! j ifi A3B5 16 

BA3B5 16 =A3B5 16 +B0000 16 









^iwtul*- 



c4ij^64 



. B0000 16 



Physical address 



Base address 



.4_Jl«jl]I o jjt ( "\ - ) - ) J^— uA\ ^--iJjjj. 



Offset address 



/ 



A3 B 5 



| B | | | | | 

f 

CS register 



(V ^)J^*,tl 



A034 16 =CS 
FF2 16 =IP- 

A1332 16 =0FF2 16 +A0340 16 



. B4Di6"l (jljJuJI (jyic (_£jIl>«j CS (JJ^~ ij LaJtlc ^yls-aJI (jljJuJI J^jl : <J'j-<-" 

(EU) Execution Unit juiiiJI 2jl^j 

j 4_j_<-ul_Lll ^^-i-fclJI <JLsljL.il J^JJJ til!JL=3 j BIU 2ju>-j £ys I g j I -v. *u ^pJI 2j rt mi! I tiLoj iLLfl-LLJI c Juvj aj-23 

:(_yjk JLLflJoll fljL^jJ 4 I'lMjJI ^Ij^Vl .till fijUltl JLLflJS 

ALU. jkillj ^L^JI 2 jl^j . 1 
.General purposes LoLJI cjMj*^ .Y 







(FlagsX^Vi .r 
(ALU) jkillj ^Lui^JI sj^j 
BjiLjjJIj XORj OR j ANDj jjJallj j-^>JI J^ j U:tl j i-a^JI cjLJuh ^-^^ z Jl^JI « ju* ^j-Sj 

BL< AL< AH ^L cjLiU- a 1<iLcj)Uu,a j^j a-ay ^JUJlJ ^iiJjJI ^lJI j-^jj ^ JJI J^=-. At< 4. 

.DL.DH.CL.CH, 

a£=jJ.Lj (_y»-mj AL J^-<-aJI .C1jLjL>. A Ujis (_P-JI <— iIJLl.lU CtSji.1 (jj^ieHi! cl^^La- mtl ojui aIjlscIL-uI (j^x^J 

.(j>i-Vl ^Mjfc^-JI 4- j-3>2 ^ cP- 11 o^L^a-^ o^^i j**^ j(Accumulator) 

.^Vl cilili ADH c CH« BH< AHL^Ju^iiiilciULkADL.CL « BL « AL <> J^ Jiu: 

cflL^^uJIgJufc^o ,,,-i.SI <DI <BP <SP^LUU- iiciiU^ i .^UJI^M^^aJ^L^VL. jl^.^ 

aJ^ulI LJiiTticA cjVL^v 4. cj>L^-^aJI j-& ^jiie^-^uj (Pointers) 4_o.jj]| j (Index) 4-^j^iJI ^>L*-..aj 



icj^jjta 


AH 






AL 


Accumulator 


BH 






BL 


Base 


ciliLul! 


CH 






CL 


Count 




DH 






DL 


Data 








SP 
BP 
SI 
DI 




Stack Pointer 

Base pointer 

Source Index 

Destination Index 






O 


- n: 


)J^*AH 





: (Flags) f }U>M 

4- lT)-jjO J-A 1 o^~i rt^-i-»«J <J1jLJL^j <J1jVLv "\ < jy lc aLlJI <_)-*-<-" i^jl^o . JLLaJllI 2Jlvj <— iljUr <_)-ii-*j 4- ^=x^»o 

:(V >Y) J^xAJI 







TF DF IF OF SF ZF AF PF CF 



( i- \r) j^.mi 



^iwtul*- 



Aux carry 

Sign 

Overflow 
Interrupt enable 
Direction 
Trap 



ZF J J_a^»JI jtjLc CFjJLa <jjLh£\ (JLiLJLcH JlSU 4_u.t.a 4-JLv jL^laV < 2 JlvIj 4jL». J-&J ' 4-JLsJI *sJLc -ajLJeTn-uJ 
.<JLsVL»JI u^Jt-j '£- 4^>JL«JLl ililjUf j-^JlI! ^^-i-fclJI a!>LcI ajLJeTn-uj .tcJI ... ZjLiVl *slc SF jl joi^W aIc 

PENTIUM <i5U ^UJL^ ^Ll^o^; 
Coprocessor jlc.Uu.U *-lL*11 rLa.il L$ia jj=JlJ .-.ij^U-.tij cjlibjiseill j«jn^<l; (*j^» <^jL>JL*-a c*3i 

4-Cj-<-u JlLa ,_£j^^?l CjLLu-arsllI (j^i* ;j ili^rtla <jvjJlj ^jj^LlsJIj djLJLijJI (J^ljJ JuJl^j ,^JL*J.I 4^>oj_<i £_ 

. Lfcj_LC Laj j-alj^l J j a " isjJ-Sj 4-C.L.uJI 
ijl JljJl>. ?JLt-a (^1 jl-^— ab <G? (jyJ-*J La_a AjJLcLualJI <uI&lj2H IJlj^j ^Ic CjLsJLlII 7zj>\j-lm j » L a a i La ala>l 

e^JL= (_pJI cj^Lfc.i.u.U ^.iJLu Jol rVwVL I juk *u Jl^j ,4JLL_o]I cjL>JLtI1 jlv! <lI«-iTuj <jL=i j-^'j-j J-^Aj 

.A-AA/A-A1 Jlo ^IjlJI cjUJLtll ^^iJ 

L&Jk. l£>^*J cP-II oM^-aXI (j-a *.J^v A'AA/A'Al _J 4-^L>Jlj 3_L)LcaJI C^Ujmi ^J^Lse^cLa j^l C^t-u^l 

.C+s YY L^jLjL^ JJlC •» . <^_,t di^Lse-m-ll JuJucj (<u ,A'VA1 75-11*11 ^j-a *lj^| .a^-lLLJI 4_JLjLc 

<j.a J^^ji Cr L-aVl ^u-uVI jl>?o E i-^j^- 4_aLi=l (<u «Gl VI (^JLoVl *_u,VI (j-oAIj CxJ VY di>LsE_txLa CxlailaJ 

^^U-M.alt 4j.>.fTU ciilJL^jj Oj VY 4jGU* JiJui j_l^I i^JJI EAXjl Oj n 43LU. JiJlh jL=> ^JJI AX 

.Lkj-^j DX , CX , BX Jla 4jiSt\ 







^iwtub- 



«_o 4_ojt^tixxLl > l tiJLJD ^lvj A'AA/A'Al (j^o ajIju 4_oj L j e r L i.u.U (Jli^LstjjJLl f'^JI ( "\~ ^T) J^— £JI *--lojj 

.GS j FS t^Jb (jP-Jtj «ilj^VI cj^L^xLa £ys Y jjlc iaLisI (<u tiili ^yic fi^Lj •< a 3ri^> <jisL>JL*-a <JljLc 



EAX 
EBX 
ECX 
EDX 
ESP 
EBP 
EDI 
ESI 



EIP 
EFIags 



-^ 




► 

8 bits 








AH 


Ak AL 




BH 


BX BL 




CH 


CL 




DH 


DL 




SP 




BP 




Dl 




SI 






16 bits 








IP 







Accumulator 

Base index 

Count 

Data 

Stack pointer 

Base pointer 

Destination index 

Source index 



Instruction pointer 
Flags 



80386 ^hMzO&O^ 



( i- mj^.^i 



Code segment 
Data segment 
Extra segment 
Stack segment 



tiJJjij 2j^=1 JJ1 2_ ^2>a j! ^1=^5 ^ • LAOVl aji^Jju (»>Sj (j! »jU"i(Mj A'AA/A'Al *-IL*11 j! LiLL-u Lblj JlII 

.( A19 (J\ Ao £ys ) Oj Y' <Lu3j^i (Jj^Llc JJaLJ 4 It > utjj 

JiJ jlJl! ^j^uaita ji^T ? j^j ROM j RAM 2jj=1 JdJ Ly =L.u^i^ i>±3^\ ^^ 6-° *>»■ 03=^ j^'y 4- 







JS-jJI JiaLllI <jJl$j <_K>U*j J^aAlo (^jjLulJI <3_a JUta ^^JLc VV. ^jUdlj Ji.|jLtl l£>^ J^' <— iL>JL*_a 4- 

:4_L^ J(a Laai r J} 3 J ^=IJJIojLU^^3^b C7 L^Vl IBM jl^- j^^a^La 

(_paJtJ J^-JJ 4j^LlJ| (j^laLiil <>J-ji O-4-^J •(*! ta-LlI 4 i? t^i I aj jjJojaJI ^^jju 4_^3L>JI 4 aJa-Lllj ,AjL3e2L-J»l 4 rit^a 

(_yjlj AjJlJlSI!! Ij~=i\jMj RAM lj~=i\^ £ys ^^JAj-aJI 4?iU(tl (j-a-<-u3 .2J>Jl*-<s (jlslj^V aj^Jt^ta *Jaljll 

(j^jQjLSelL-uJll (JjLlLo 4- dlj^""" 1 "' La LjJLc (_jJ-!'j ( f-^J-^ ) 2j-^=l J-11 J fl I ul (J^3 ^^pj C —^W J^^"* 1 "^ * & -T^-^ 

Jjl1\ ciiLojLtll 4- J^^i BFFFF j A0000 jru 4li\^ic jj^jj? j^-^' Ij^=\j1 jy*^** c^L ^L~=\\A 

. jL^>JI 4_,iLi (_,!£. j-g-kj 

L^pj FFFFF JIC0000 <> f j^3 ^Ij 4 j?r, 1,1 o e L ^Ju^ vol jf z^l JJI <> e^L l^JLI ^i 4. 

ROM/^lj^iJ 4jbUJI ij^=l JJI *j^. 4_ ^3^3 ^Ij ^Lt^l ^IjJ 4-,^,^ 

J^-i mi! I (j-o Jisjv^iJ ,A* AA/A* A"l pjj (j-a j3jjjo^ jL^-I Bj^sl JJI lUt-t-ica ( *l~ \ £) J^-i mi! I ^-jus^j 
-ajLJeTn-u-tl (>j-i1-S ^ylc ^jIL>o f-^J-a VAliV^ (_y-*J La BFFFFjg J n (j-lj rjLA? RAM (JjjLLc (JLst-a (jf 

iijl*3 L4JL9 FFFFFie j COOOOie cnj L^L^a £jl>b ^Ij ROM Sj^li La? ,( jjj^ ) ^jjlJI 2j^l jj 







00001-16 



9FFFF 16 



ROM 



^iwtub- 






(1= U)J^.MI 



(Jjjijj 4_>Q=xJI 4_jLc£. (_)}ii- .iIjLJLljL—j j g IaJ (_£ jjl (j^-iLj ^jIj-lc ,/*_«LJj_> 4_<i_jJL*j {j£. li^e-j-JL ;jJL*J,I AJ-2J 

Imports £>i-JI /J^jJI Jl^LLo 
. -(/.ports £>iJI /Ji-jJI JL2l_Laj^LC jj^T jL^v 







lLl12 CjLjLJI ^Ij^V 4 t^i^^a (jiaJuJIj Ja^ CjLjLJI JUoV 4 i^i^^a Jl21_LII (jiaAJ 03^=^ -4-4*11! 
La 4_jj_Lc ^y.lc fij-SLJa -aj_LLUj A ,X A1 JUJl dlL>JL»-<3 J*""- •<— iLJLi-l!! 7:Ij^Ij (JLioV ^JU (j^-&L>«j! ji (jJaJt-Jlj 

. juaLo 1 £ • • • <_jjL2j 

r^ / Jio JlsLu^j j! Dedicated ^ Ports 4_^,j^ a JLal io^ rjj^t / J»>Ji-J' JlsLLo <j^=lj <jl *iIVi(m" 

. Memory mapped VL Ports Sj-^lJJI 4- ^t->t->^a 
(jj^Llc (j-g-iJj Jl^jj (j^-*- 3 u'j-" 1 cr^ 1 l$J-^J Julia ^c 3jLlc jji Dedicated j/^. Ports ^yj li —~ >U JullJLI 

.jL^JJ ^jJkJI /J^jJI 

(JLjtA (j^=xj^ . Liiajl 4_<_uj.^j_<5j <Usb. r-j^/jji-j j_aljl a JlJcIu-uJ Juaill x_a (Jl <^"x I 4_jjLc£. (j\J==3-i£)1^ 

.RAM ij^=>\ jl!I (jjjLic JUta (>c. LoLcj J^ia 4JUJI oJui 4- J^Lill <jj^Lic 

^4> 1.^ IOWC J IORC Ajl'^ntlj 3*1j_aJ1 j-aljl *| Jiisl^L 2 . -^ ^-. 1 1 j^LUL) JL^jVIj Jj^yi lii^-.flj 



.(J^-— I MlJI 2— -X-UZl^A 




m 



J\!(ad£ 






fajE|p*Nji 



+ N 



12OTIST 



l2mfLjJ2 t&J|LJJz 



\$ffl$yp&] 



\. i / 



L^ : yp^j 



Ktfjfoypii] 



?P&fW: 



Uffljt^;: 



^iwtub- 



U2P!Jt&z 





P 








in 
ltfRJfCp3 



cna^ypt ► 



OJgiiafl 



*zK$ ITCf N jspnaocz 



( 1- ^o)J^xAJI 



.(_£jl>-^?I JL2LJL1 (jj^Lic (jy^Li (j-C L-aJlitaj ' J 4P~J (j'j-" 1 '■^ L * (jA*^ ^ 'H kill 1 fl I o i h,"n 
■£jJ*l\ I Ji*jJI JL2LW iu^LJ (Ale J I A ) JjVl CiJ n _ll ^Jl^L^ 

lUiniiii £-!l-*11 ^^9 Address Bus o^jLitJI J2L1 (j^ Julil.1 u'>^ 5- IL *- I > 1 f^} ^j-^ 1 ^-*^ J^* 
^ jJI Address decoder ^Li*]! j'"™ l^==^ Ji i£A3i ^ (IOWC = 0) ^h^lL p&**3l\ SjLil 
jiiixj jj^o rj>i^' cr^- ^^U-lU 4-uL^ual La «j ^ jJI Octal Latches iiL-uU.1 (>^xxj BjLiI jJ$j ojj^ 










gJJMwl^ 



Address 
decoder 



IIT^z 

SV Latches 

o 7 o 7 o 






UZPfff^Jzyp^j 

(v n) j^xAJi 

a I La.ll I (JliuLxj (JSLb ^Lus^a Jualll i Laj La a> ;jj^~ '"' (Ji-jJI 4_Jl*£. (J^L>. Lai 
liUjij at J Vkii VI j-^p- JLaill (jj)*~ij V LaJil£. aJj^jujj 4lt-it a jualll ^j-xjo 

. Data bus ^U>LJI JaU> ^JLi (^j^S ^yJI ^LLaLf^JI 

.{_yjj.~3ua (_pO Juall i La-> i uj J)j_' LaJ ( "\~ ) V) J^— ■ i iujt Ttoisjj 







:° Kti9$ft£| 












L#(Efr2t5Jz 

Address 
decoder 


^ 


enSeH^^ 

Tri state 

enable / 7 h >o 


/OfiC — i 




T> 


r> 






fes. 








P' 




^PRf^zyftfj 



(1- W)Ji^iJ1 







.(_lL^sJI (_)^>j_SJI (JILa Jj^e-La jL^>- Jij (j-° <— '"L^-^ UhfJ-^ ^1^><-)V <jy->'-'-J Ju2_La ■j'~~ ' 1 ' 

. Memorymapped y~ Ports 

A-AA/A-A1 . 4_ Sj^l jJI 4_ ~aUU±1\ £j-^l\ /J^jJI JLaLa 



MWTC j MRDC p^^-tl ciiljLiL Sj^=1 jJI 2_ sUU^tl j^LUI J| J^^l ^JUll ^U~,,n - 

zIajju* { _ y ^ ijj^\ jjt '£. u^kiqi j^ini^ j-aUi: gjuiiji ^^u u iowc j iorc <> Vju 

^■Ijj^Ij JUoV OUT j IN ^j^Jtl!! 4_i] j-aljl Aljiiel^l (j-a Vju .aj^l Jl!1 ^^Lal jf *Ja1j^a 

: Assembly Language Programming^jAaEUI iiL ^JUIt ^»jj 

/jJL«JLI j aJj ' a J^= j laJLl! . 4_u.<-a 4 o^l^' aLlSJI L^2J_<i ( <— iL«t-LLdJI (j_a 4_uj_a 4_hjL£ ^j_a ^_alj_iJI ^jj ^— ■**"' 

: C7 JLil! JLill JL^ti! .lL-l.-i.lj ^LJjj 

.4_l>-jL>JI 2jlj^>JI <^>-J-i M^-a 4-«^SJI ^>JlA ^)J*^~ '"' O' >J*^~ ' < ' -^ (*^J Lr^"^' JuaJLa (j-a 4-dJ^ (JLi-^1 .^ 
.ajlj^JI i>.jjJ ■x^seuus^ J-<sL«-<s JlJuJI I JLA JIcj jl U^^J -^I^JlII 4_4-j2JI Jl OJiJulII IsLisI .Y 







4__j_ajj_a /*JL_a J — — 1 1 .4_j (»J-2j i_9j__ Lftj «JL«JLI jl__wV 4 n j a (_)____ (JL)La-tl»Hj| jl 4_c-lLCl!I 4j1j=i V 1 -?^ 

t_jjl_Sj La <U a-ai ^JLUI Mia .4_l_/s ^4-<w fL_U W^ 1 J^ci^l ^aljai! p^ «j (Instruction Set) _jUJ_j 

4_JUjl!I 3j>7 mi j ^y-a-mJ Jj^l : (j-A.a_.-uJa <j_a __Jt__j 4__*JLs_LI 4— lU_ '£- 4_j___L_o -'I a„_vjJ1 <____ i 4_a._ .- i ll jl 

_j_J_«II _____ ^1 Operands _j}LaL_lL> Ct a__u __iL_Jlj .iLaJL__l <u ^j-Sj La _____ ^1 Opcode 

.—jLjLlJI 4_^J_JL a_^i__JI L^>.L_>_ (_,_!! j__.Li*J1j 

• 4— >-— .- i ll JJ.S ~j_ _J (3j__JI (JLiiil iS-Gj'i'ni ?=_»__ j_U 

^jJL! J! _J__J p____UI J__UI <> -j-LJI J_l> ^JLUI jL^V IN ulull ^j__l__ JjVl ;>__»_! 4_ 
3j____l pi _= a j __u .E4 16 =m • ♦> ♦♦, :(_jL_U- a) Opcode i_jLaj_l 3j____L IN 4__a__JI J___ .AL 

<__!_. ^s>-»o 4_jLaj_1 2j___ (.JL (_;__!! 2j-=! JJi _)L___a .--aj^JLI 4_lj__ J>J_«o J RAM 2j-=l J-l 4- 4-iL__1 
A_=jJLI 4_ 4_jJ__U 4 ajritl (jj____ < 4_»-_._l!I 0Jl_» j___2 4jL$J 4_ .r-j_»_l juala a_j (JL_tl 4- J-~ J — -I— >____,! 

.Y *_ij _J_— JlJI ju2_a_! 2j>^>-j-a __)_= (_yJI 4_aj_J| ^jl___ AL 

< AL ^jl! _;>__« J| o J^LUI i_l__L -JI_JL! jL^V ADD 4U.„_UI ^j__l__ ;Lu_J! s^kiJ! 4_ 
j_»_.-i n W Y :LiJ_J| 4LJUaJI 3j___j ADD 4UJb_JI J!__ .^_ol_ 2j-a AL < «__= J J.I _|_ ^3_U1 £_»j j 

.(jjLoJI juaill *_5j (_L _;j_l Sj_=jI j_l (j_=_a £_ 4_jj__a 4_<i_j_J| ^>j_b 

.oJ^Uil Cy i_ i^>_>o ADD 4_>J__!I (-L (^jJI Sj_=1 J-l t2>l_9____ 
(____ (_;>ib»o _;_-0 AL *_=j_L1 ^j___a J lb *JL_tl jL_-V OUT 4_aJb_JI aj_____ 4_lt_Jl 3j __»JI 4- 

4_*j_JI <>j__ .E6 16 =^ U • • )\ • 4_jLa_JI «j___u OUT 4_aJb_JI J-i-U .V *_2j 7Tj->-! J__La ^((x-a^JI J-— >_- 
.V j__ll *_3j 4_Jbj J-aLtll (__!: _;JJI «j_=l JJI (j_=_a 2_ 4JJ__a 

4_J__JI 2j_=l JJI qIj-L- I_jtju__i A0000 ol>__ JL_wtJ .RAM 2j_=l jJI ^j___a j-__jj __JL__fl J_=__JI 







^fuwb- 



IN <Aa**\ 3j-^i 
Y (J^jJI juila aJ2j 

ADD <A**1\ 2jJ^ 

o j^uii 

OUT LJuaJI 2jJ^ 



RAM 













A0000 
A0001 
A0002 
A0003 
A0004 
A0005 



.AL ^jil 4. ^3^j Y JLiUI <> e^L JLio! INAL,02H 

.AL ^jil ^ji*- J! ^L^| A 00 AL,05H 



T JuiiU J} j_4^J! J^U. ^Iji-t 



OUT 03H,AL 



:ct JIi]L== o3==i ^ "^ j-^j-^ 4_>Li== 



jJbOJI 


ii^\ Aii cj (i i*ii 


nSteJU*]! ijJiA 


(E4i 6 )nww 


JLaill aj2j 


(•Y n ) \* 


ADDLJuaJI 2j^Li 


(•i n ) \-' 


J*U1 


(•o n ) ^ 


OUT^JuaJI Zj^i 


(E6 16 )m--n- 


jualll aJ3j 


(•r n ) )) 






til!lL=jj A'Al xJL»I! 4_j£ aJLJcTli-uj <_>^L>- fC-ala j! IBM *_a Jj^ljILa t_<-<-uL>. al JiicIL^ul t_<-^o ^_oLJj_l!I Illc-ll! 

.cilj-iAll U-^,\ TASM j I MASM Ji* Assembler £*^X\ ^^ 

:^_ (j^Vl"" /t-^ljp-ijl ,_\ j <-? r" <— 1 1 j La ->> 

.IN iUjliLill c_Jl>. .> 
.IN^JuaJI ij^itiia .Y 

.Sj^slJJI ^ JLaitl aSj «*l>2 -Y 
J} JS-jJL e.ijjvjl.l 4_^LZL!I 4-*J^ J-SJ J (I/O) TTj-^51 J Ji*JLJt J-^lj-5 AtjJeTi-mL J alt,L) Jl .-^"'Vl .£ 

.AL^jJLI 
.ADD L^LoJI cJ3> .0 
.ADD <JuaJI ij^i .lis .1 

.AL 4- ^Ll" (Jdi-^i AL ^jlsta J! 4I2LJ3I j ij-=l Jl!I £yz J-abtll 2etjJ3 .V 

■ OUT^cAcJI c_Jb. .A 
.OUT ^JuaJUjJ^ dli A 

AL ^=3jJLL Bj^jII 4_j^Lzl!I 4_c_l2JI J2J j (I/O) 7rj^>ii! j J^jJI j-^j-i a! Jl^L-uLi JuHiLi JLusjVI . ^ ) 

■ fr-LCATLlI 4jt] a| JlJcIu-uU ^-aLJjj (J-«-C 4_2j^Ls £yC ■* Laj 1 uj j 4_<aLc 2jJ=l2 (jJLlaJlJ (JLii-ll I Ji-& 

^Instruction Set cjLuLuJI £ Ijjf 

:<— iLq- J L C lII (_>ia*J I Jl>- j '^"-ie^3 J"""! 1S1J -ij-<-uJ i_3j-<-u (j^-it LlA <— ) La- l i d ] I pl$JI f-^-a^- ^J^*" (j^~i <IJ V 

:CiULJ1c»UjLl3 .1 



JL^4 


IN 


E»>1 


OUT 


J^ 


MOV 


2 ^^—U £_ , U A«v. 


PUSH 


<i aj ^-— 1 1 1 (j-a (_cL>. 


POP 



J.L3 XCHG 







t^LlJL^ Cj3^=^ a^jlr.tl o\J f UJI J^xAJI :MOV W^l : Jlla 
MOV Destination, Source 
ji^>* .Destination uiutpJI J^-u j 1 ^* J I Source jJlx^II ^ cjLjLJI J2J 4- U-"^laj ^vI"m 

j Immediate Addressing Mode ajj^I 5j^l*_!1 5JUkj 5JUJ1 ju* Cr Au-u3 j 4_l** 4_^ • 
.CL J^oJI J\ HiA e^U! J2: ^ j MOV CL, 48H :<^U^ ^LcJI v ^=3 
Register Addressing ^Mj&^-JI ^^i*JI 4_!bt_> ^i!l I jl& ^^-^ j >^T J^, t£>btA • 
J! CL J^caJI ^ji^ Jli ^ixi j MOV BL, CL -^^= *^U"\\ ..,>w» j Mode 

.BL J^aJI 

Direct Addressing 3j_iL11 4J^L*JI 5JL»o ^IJI I jla ^o.^ j 2j^l ,111 4- j 1 ^* (^>^a • 
ij^=l JJI ,£31** J2: ^1*3 j [MOV BL, [437AH :^Li^ a^LcJI v >y» j Mode 
jL^a lit .DS cjULJ] *5>*j1I <_k^> ^-j^ 1 bjlhUJI jl^ + AHirv L^l^ ^1 

=20000H 



4J& Lil 


ADD 


s^LO 


INC 


a-l^l 


DEC 


iijLS, 


CMP 


C >J| 


SUB 


C-Jj-^l 


MUL 


2-...Stl 


DIV 



i^JLltt^B j^=3 ^U-JbOJI o\J ^UJI J^lAJI : ADD 4.^,lLcJI : Jllo 

ADD destination, source 

j HvA 4_aLil Ljjjf lil .ADD BL, 06H : JLia .l^Jl,JI j jjiMI *_<jj>- 4. 4_4_Jl*i!I 0J-& iAJij (j^Vll" 

: (jt j^?L^= C7JLI" u)l 4-ajjiaJ j<u (j^-*-° ti*- 1 -" iJl H'A (J-S-b aj) ri 'i'°\ H'A 

MOV AL, 08H 
ADD 78H, AL 

.^Jft-JLa j_t£ ADD 78H, 08H 4-a.JL.dJLa Bj-^L-a *_<j^>J1 iA«-ftj aLl^I ,j^-— ij V : ^t\«v.\> * 







:ol;uji y j^uui cjLuLg t 





NOT 




AND 




OR 




XOR 


LT^I J! ^'ji 


SAR 


jLoJI J| o>|)J 


SAL 



Debugging ^LL^Vl ^t^»^3 j-a^a 

(jr JLc (Jju-iIuJ (jjJ-!' j"j ■!.' i^"" 1 '' *j ^■l 4- <j^-^' ^^^J*^ a! JlscIu-uIj tiJUij *_ia.>iJ 4Jl! 4- 5j_aljjj JlloJij » jiaj i ■■ ' 
a j U V a j U V ^_<jLJ^_l!I J-Lfljj ajj ( ^J*""' dajv^Ll (_3jj-u . DOS (_)^3j_SJI ALku 

( >( ~i^t .DOS j-ol/^l jia ... 2 Jl^L: 4- Debug fu-J <t_Jk. jiLaj ^Lj^ (j^ DOS J-^-irJI A Ll^ l£>^ 
^aljjjl <lu 4- Lot Cy k. Jju i^JJIj <_)^LJ ( - ) 4_a}Lc L&jtAj j^Iaj Enter jjJI CT k. <U;^I ^ Debug 

.Debug 
4_4jll ^jj J? «^'.>.' . ^-oIjj jl <— iLjLj JUol jI iJuiLii j-aljVl ^ jtjjuJI <_,!£. Debug w-aLJj-JI i_£>^»o 

.Enter ^u S itl_Lkj Debug L&Jlc (^>b*j ^1 j-aljVl 

.ililail (JIiLJLlJI 4_cLlLlj tiiJij cIjLJLlJI <_)ia-iu <JL>~-4 LuL^x^L £-J-<^><J ^.-oLJjj lui-uj <jLH=j 4- * JljJI JjJS 

4_ c^j -.^n a ) Ho • J^L^II jIj_ulJI 4_ diLiLJI *j^. 4_ a50- t^^ 1 '^y m' Debug j^Ij 

.Debug 

: (JT Jb La <jQi=Lj aJ2 

<D8: 0050 dw 30 <enterY- 
<D8: 0052 dw 15 <enterY- 
<D8: 0054 dw aO <enterY- 
<D8 : 0056 dw 0c <enterY- 
<D8: 0058 dw 00 <enterY- 

\-L& i^AJU-ujJ Ltjl f^-J £■ ^L>Y _SJlC dlljLj 4 Uifl's J^ t j_3=^»0 (jl «_<^>J,I ALU ,«^U^>0 4^-J-O (jA* 1 "W (J^ 

. ( -\C- ,a0, ^o j. ) j^IjojL ip^^LLu 







<al00 <enter- 

<D8 : 0100 Mov ax, <enterY- 

<D8 : 0103 Mov Bx, 50 <enterY- 

<D8:0106 CmpWordptr[bx],0 <enterY- 

<D8 : 0109 JZ 112 <enterY- 

<D8 : 01 OB add ax, [bx] <enterY- 

<D8 : 010D add bx, 2 <enterY- 

<D8 : 0110 Jmp 106 <enterY- 

<D8 : 0112 Mov[bx],ax <enterY- 

<D8 : 0114 nop<enterY- 

<D8:0115 <enterY- 



J3 b.-, i a mu Debug <iu 4 n inn 1 14 , -,^-, 2^ : — sa,^, -.j-^.it i:ti^ ^^«^ 

i^\l L&jtAj j<jV>~j r (j^l (."i^l (Zj-L^aJI L^j^VL)4_<iLA!l ^^JLc LaLulJo <pJI ^.alJjJI jU<„] jl j-«tjVl 

t j^Vl ^.Li^= jJ^ .MOV AX,0000 :^a yjJIj ^Ll^l 4- U*3 Jjf j^3 ^M^cJLI o^; Sj_AL* 

aJLHI i^jLoJI j^jij cjMj&^-clII cjLjI^ ji^ 1 l-Lk.^ MOV AX,0000 jJ^\ luATu Debug ^^Sj 

.BX J^JLI J | <d2: jw jS o- ^juJI ji LU^lij t j^VL Uj^u Ujj^ ^Ij BX,0050 MOV 







gJJMwl^ 



-u 100 114 




20D8 


0100 B80000 


MOV AX,0000 


20D8 


0103 BB5000 


MOV BX,0050 


20D8 


0106 833F00 


CMP WORD PTR [BX],+00 


20D8 


0109 7407 


JZ 0112 


20D8 


010B 0307 


ADD AX, [BX] 


20D8 


010D 83C302 


ADD BX,+02 


20D8 


0110 EBF4 


JMP 0106 


20D8 


0112 8907 


MOV [BX], AX 


20D8 


0114 90 


NOP 


AX=0000 BX=0000 


CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 


DI=0000 




DS=20D8 ES=20D8 


SS=20D8 CS=20D8 IP=0100 NV UP EI PL ZR NA PE 


NC 




20D8: 0100 B8000 
-t 


MOV AX,0000 


AX=0000 BX=0000 


CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 


DI=0000 DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0103 NV UP EI 


PL ZR NA PE NC 




20D8: 0103 BB5000 
-t 


MOV BX,0050 


AX=0000 BX=0050 


CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 


DI=0000 




DS=20D8 ES=20D8 


SS=20D8 CS=20D8 IP=0106 NV UP EI PL ZR NA PE 


NC 




20D8: 0106 833F00 


CMP WORD PTR [BX],+00 


DS:0050=0030 









^1*1 u«bJ! 4*u ^1 



DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0110 NV UP EI PL NZ NA PO 

NC 

20D8:0110 EBF4 JMP 0106 

-t 

AX=00F1 BX=0058 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 

DI=0000 

DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0106 NV UP EI PL NZ NA 

PO NC 

20D8: 0106 833F00 CMP WORD PTR [BX],+00 

DS:0058=0000 
-t 

AX=00F1 BX=0058 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 

DI=0000 

DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0109 NV UP EI PL ZR NA 

PE NC 

20D8: 0109 7407 JZ 0112 

-t 

AX=00F1 BX=0058 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 

DI=0000 

DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0112 NV UP EI PL ZR NA 

PE NC 

20D8: 0112 8907 MOV [BX],AX 

DS:0058=0000 
-t 

AX=00F1 BX=0058 CX=0000 DX=0000 SP=FFEE BP=0000 SI=0000 

DI=0000 

DS=20D8 ES=20D8 SS=20D8 CS=20D8 IP=0114 NV UP EI PL ZR NA PE 

NC 

20D8:0114 90 NOP 

-d0050 005f 

20D8: 0050 30 00 15 00 A0 00 0C 00-F1 00 00 00 20 20 20 

\.. | / / 






(V \\) J^uSJI 







Loop. 4_llv I_lU.Cq.uI I JlJj ,»__j_M <j_a jiJl»J *-*^- 4_lLct. (JjLxJI ?c_<aL_j_L!1 _i_ Lbfj j__J 

j_i J_>j__a]l oJ_& I__l!I_n. _L. ,w_aLjj_JI _L. __>j_<_, J) i? 3-jj _)! ^J\ juajjj j^__=_u j-alj _M £yj 4__j^_5ta ( _ ? Jb 4_aJb»JI 

. Cmp Word ptr[Bx],0 j-oVl 4- 4____*__ *_j ^ JJU. il^j-U -^L-LJI 4- j--~--tl l^ ,____. j>uil 

.j-al jjwl lui-LU ^_oLJj_l!I l_oJ_j_j LaJiajj 'MY ^jU-LslJI J I ^aLjj_JI j-i2j __>j__x!l Jj ? t-'n LaJiic 

<___]! ^L>LJL> ^LkJl 3j_=1 JJI ^l^s Debug £a\\h Li] ^jju d 0050 005F I ; f^= l_1 j_p.Vi _i_ 

, U ^ \t '. ,F' • J I • «0« £yj 2j.___>IJl1I <__LjI_ta J-^-t-u j-jj *-9 J j^J <jjj ^ . .. jVT ( *^~ ^) J^— -kll I§_ 

z^a^jJIj »UY jU...tl 4-j- 9 ^' <j'-"?1_U .♦♦QAjU.Mtl -j-j""^ 'Jlc U LkLiiio? jji\ ^bL_J! J__= 
bx J^lJLL <uil j-^jII <jl>L«JI (J} [ _.|j__Vl j_*jv ] ax ^ji^ J2_u <j? j-<^>dl j-aL Mov [bx],ax 







s c^ujj ^l-V! ^L^=m j^:>i .r 

Sfij_<iL-<5 RAM Sj^l JJI (j-a Jju aJL>Jjl1I *JL*11 cj^Ij*.^ aljieiiJ jtic cjIj_^4 <_,-& La .1 

SiJL*. VY jl 4JL>. n *JLslxi _$_& La xJLsui J? -iJ^*«J l£^' ^ct-^' >* ^ -° 

SL^a J^jLuj (jl gJL<-a-U (j^-i «ij ( _pJI 2j^a! JJI r«-a=J>- j-4 Laj A'Al ^JL«JLI ^j!b»o <jlj-Lc iU^> r«-^= .1 

.^JUll *b? ^j^jLLJI jj.S>A LaSA-Al ^JUIL j^jLUJI ilila j CT A La .V 

^Operands j Opcode <>a J^ CT i ! L* La .A 
:<J\X\ cVL>JI 4. 4-_lL^JI lj^=\ JJI ^a La A 

CS: IP=4370:561E 
CS: IP=7A32:0028 

La j CS J^-ioJI ^>bta _$_& Ui < Hv ♦ i • • l$jL-uj Code Segment SjJAII ^.y>. <j1_$-Lc jL^ bl. \ - 

SCHoVA (^jUuj IP J^-caJI ^uS <j^=i3 LaJilc cjAJii! cj~=>\ jll Cy LLttJI <j1_$-L*J1 _$-& 

t^JLUIg-alj-JU..,-,^! < MOV j ADD cjUAcJI J*2a ^1 j^l^L. > > 



C=A+B - I 
B=3*B+7 - ^ 






.Y* ♦ Y cjljVl XjLxkJI t ^^LlJI j j-.HU ^bui. 

<4_JUjl!1 L^jLluIaj j <J-cSj-!l ^LJ^l^xJVl : J L-CJ, I Jl-lc Jl*jv? .Y 
< 4_uiJ2jJI j ^jJj^pjsJVl (j U i U j-»'j-S : ^}-Lc (J^Lj^ul JiA^ta t_ <ji .Y 

.m<\ tuiiii a«,uti t ELGA^j^ai^ 
Ytha, Yu, Charles Marut: Assembly Language Programming and . t 
Organization of the IBM PC, Mc Graw Hill, 1992, isbn 0-07-072692- 

2. 
Douglas V. Hall: Microprocessors Interfacing, Programming and .o 
hardware, 2 nd Edition, Mc Graw Hill, 1992, isbn 0-07025744-2. 
Thomas L. Floyd: Digital Fundamentals, 6 th Edition, Prentice-Hall .1 
International Editions, 1994, isbn 0-13-573478-9. 
Roger L. Tokheim : Digital Electronics, 5 th Edition, .v 
Mc Graw Hill, 1999. 






uu^m 



4_1aJ2jJI Jjljjjl 4-<jjJL<J t^jVI 2jo-^JI 

4-uw3jJ1 t-iljo^tl 

4jJiJl*J1 4 n^'»Vl 

^IjJI c.ljLiVI 

^li jLloJ 

4_uiJ2jJI 4-LalaJLll (-ajLtajJI :4_jJIjJI cJlvjJI 

.... AND oljj 

OR Juljj 

NOT oljj 

.NAND ;U^ 

NOR oljj 

XOR Juljj 

...XNOR oljj 

4_Lftj^-»il!l j^ljjJI :4jJI!lJI fijo-jJI 

..j^gj-iSixll Jl BCD (j-a 3j rt mi! I j 11117a 



ub^iAll 









cAiLull C 

__<_jLJl_ijJ'l fjj-a 
Cr^jW^ 1 

^L>UJI j^ljj :^uljJI eJLv^l 

. S-R CLM2JI 

.<>1j-UI D ^^UJI 

„£>*1>HI J-K ^^Ull 

T V >12JI 

.... cP'- 5 j'-P**' 



.S^lZdlj c£L*-^lj CibLull ^|j.S:JLui*LiJ1 eJL^yi 



ciljljull 



U*\jZX\ cibljjdl 

_<_j!jIjl»JI j-ja^j 

o^ljV! ^}U^a* 



...tSjUlU ^J-^'j Cr 11 ^ 1 J^^l ^' 

...^Jblll £>J!j ^jljjJLI J^jJI o' 
..jLfijIjjll £>^j lSjL^ 1 J^ 1 ^' 

4Jv1j>U £rt_lkL>ol <_j' 



fijj=l juM jj'jj 

<_j^L^3jJLI ^LuTul 2jj=Ij (j^iL-ul 



ub^iAll 









flj^aljJI 4-JU.u J (j I j_Lc 

lj£=\ jdJ ^u^jJI ^Vl 

Bj^sl JJI ^Jj-Lc 

...ROM cL2£ l*\j2l\ 3j^=li 
Sj^lJJI JjJlaj 

.^UJIj ^JUll 

8086 Jil ^JUll 

Pentium <i5U cjUJU-o cjLa.^a.-*o 
ij^ljjl 

TTJ^-JI / J^^l JlsLLo 

» j <a ■>" 1 1 4JlL xJulLI <jje^5jj 

Debugging ^\W-J^\ ^^^3 j-«^a 



^1 



..£*1>U 
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